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FILTERABLE VIRUS AND RICKETTSIA DISEASES 
By Earl Baldwin McKinley 
FOREWORD 

Of the diseases affecting man, animals, plants, fowls, fishes, 
and insects there are over sixty which have been proved to be 
caused by ultramicroscopic or filterable viruses or are thought 
to be caused by agents of this nature in the absence of any 
demonstrable etiologic factor. 

Notable reviews* of filterable viruses have been published 
during the last twenty years among which may be mentioned 
reviews by Prowazek,(i) Lipschiitz,(2) Simon,(3) MaeCal- 
lum, (4) and Rivers. (5) Most of the available reviews that have 
been written on this subject have been of an analytical nature 
of use primarily for the advanced student and investigator 
whose background of the subject in general is rather broad, 
and the elementary facts have been omitted as unnecessary for 
the reader. Such also are the discussions by Wolbach (1912), 
Doerr (1911), Roux (1903), Loeffler (1911), Bayon (1926), 
M'Fadyean (1908), Philbert (1924), Kraus (1926), and Twort 
(1923). 

* Since this review was completed Filterable Viruses, edited by T. M. 
Rivers, published by the Williams & Wilkins Company, Baltimore, has 
appeared. This notable work contains ten chapters written by ten. differ¬ 
ent men. Each chapter represents a critical essay on separate phases 
of the subject The present work aims to be more comprehensive than 
Filterable Viruses and is presented in a descriptive rather than a critical 
style. 

242402 1 
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In the following pages the author has brought together a 
review of the knowledge concerning these various diseases to¬ 
gether with a bibliography which it is hoped will be useful for 
workers and beginning students in this field. While the manner 
of presenting the material is somewhat similar to text form, it 
is so presented in order to bring together an inventory of the 
field and the final chapter will deal in an analytical way with 
the material which will be presented in the following pages 
together with contemporary thought on the subject. While the 
subject matter will emphasize principally the human medical 
problems involved, there has been included in addition to the 
diseases of man caused by filterable viruses and rickettsise, the 
diseases of animals, fowls, plants, fishes, and insects which also 
fall into this category. 

The study of the filterable viruses and their diseases has within 
recent years become a highly specialized field in the science of 
microbiology. At present the approach to the study of these 
diseases and their viruses is marked definitely on the part of 
investigators by their background as pathologists and bacterio¬ 
logists. Occasionally a small beam of light emanating from 
some slight change in method or technic is focused on particular 
phases of the subject. Gradually a belief has developed that 
before any great progress will have been made in unraveling the 
mysteries attending the study of these agents an entirely new 
method of approach and attack must be devised. The principles 
applied in the study of bacteria may in the end be totally in¬ 
adequate in dealing with the group or groups of filterable viruses. 
The science of bacteriology has depended largely upon mor¬ 
phology and functional activity of organisms in artificial media 
for the classification of bacteria, but these methods, for the 
raost part, are not applicable to the study of filterable viruses. 

It _ was tiie thought in compiling this work that a compre¬ 
hensive presentation of the available data concerning diseases of 
man due to filterable viruses along with the similar conditions in 
animals, fowls, insects, fishes, and plants might serve as a 
review of the field and possibly aid and stimulate progress in 
the study of this interesting and important group of diseases, 
i present stage of our knowledge of the filterable virus 

ahd rickettsia diseases, we may include four general groups of 
> < ^ s ® a ! ses: (®) Those diseases known to be caused by ultramicros- 
^l^^filterable viruses; (6) those diseases which in the 

,biologic agent are thought to be 
• 7* ' W »t^Me viruses;, (c) those diseases for which de- 
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finite bacterial or protozoal forms have been described as etiolog¬ 
ical agents but which, in many cases, we are unable to accept 
with finality, or the filterability of the microbe in question has 
not been definitely settled; and ( d) the group of diseases known 
or thought to be caused by rickettsise, the ultimate classification 
of which is undetermined. 

Upon the basis of these four groups of diseases this review 
has been prepared. The author realizes that in many instances 
the ground is not sure, and the future may determine that many 
of the diseases included should be classified elsewhere. However, 
we cannot prophesy what our future knowledge may be in this 
regard, but we can approximate what is now known and thought 
concerning the subject. 

Apologies then are offered for the vagueness concerning cer¬ 
tain diseases and vacillations of contemporary thought regard¬ 
ing many of them which seems to be necessary in view of the 
limited knowledge concerning these groups of diseases. 

The author makes no claim for extensive original work in this 
field though it is a phase of medical research in which he is 
most interested. Extensive reading of the work of other inves¬ 
tigators has been a great source of pleasure and highly instruc¬ 
tive. The author has selected what has appeared to him to be 
the most important articles dealing with each subject but is 
well aware that such a selection may involve errors and that 
others might consider work not cited in these pages as being 
more important. It is the plan of the author to revise and 
amplify this entire work at a later date as the development 
of the subject proceeds. Meanwhile it is offered in its present 
form as an initial effort to bring together the salient facts 
pertaining to the subject. It is hoped that this review will be 
of value and interest. 

Earl Baldwin McKinley. 

Bureau of Science, Manila, P. I., March, 1928. 
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Chapter I 
INTRODUCTION 
DEFINITION 

Loeffier in 1898 defined a filterable virus as “the virus of an 
infectious disease which is so small that it will pass through the 
pores of a Berkefeld or Chamberland filter.” An ultramicro- 
scopic virus is a virus too small to be seen with a microscope. 
It is most difficult to formulate a definition of a virus which 
will fit even the meager facts known about viruses to-day and 
at the same time provide a concept for hypothetical viruses of 
which practically nothing is known. Undoubtedly we all have 
a mental concept, or mind picture, of what we consider a virus. 
We may adhere tenaciously to the belief that all viruses are 
living agents and are represented by minute bodies of the nature 
of very small germs or particulate units, or we may consider the 
vast majority of viruses in this light and recognize the further 
possibility that viruses may exist in an unorganized state. We 
may even be willing to admit the possibility that some viruses 
are nonliving. The facts are that we do not know the exact 
nature of many so-called viruses, and we do not possess enough 
accurate information to enable us to make a decisive statement 
in the matter. We have impressions, ideas, and theories; we 
have personal convictions based on experience, experiment, logic, 
and reason; but with regard to many filterable viruses, the great 
majority in fact, we lack both cultural and morphological data 
and our information is essentially limited to the relation of these 
viruses to external physical agents. What then should be our 
attitude in defining a virus? Future studies: in the field of the 
filterable viruses or protobiology may lead to startling dis¬ 
coveries ; and the nature of these minute structures, when it is 
definitely known, may alter some of our most fundamental 
theories of life and evolution. Suffice it to say that in the light 
of our present knowledge we believe the statement is justified 
that at least one type of virus, and perhaps all types, may be 
defined as a living particulate agent capable of inducing disease. 
In this sense we may recognize living particulate agents which 
are both pathogenic and nonpathogenic and include in this 
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definition bacteria, protozoans, and the filterable viruses. In 
addition to this group we are further willing to admit the pos¬ 
sibility of the existence of a group of unorganized agents which 
may or may not cause disease. In this group we should place 
poisons both chemical and animal, toxins, enzymes, etc., and 
any other hypothetical disease-producing substance or substances 
which do not form part of our knowledge. 

The term “virus” is an old one originally derived from the 
Latin word meaning poison. Time has modified our under¬ 
standing of the original translation of this word. Several 
“virus terms” have been in common usage since the latter half 
of the nineteenth century, such as “virus animation,” “dehuman¬ 
ized virus/ 5 “humanized virus/ 5 “virus fixe/ 5 and “street virus/ 9 
with all of which the student is familiar. Some of these terms 
are little used to-day. Other words have been compounded with 
the term virus; for example, “viruliferous” [L. virus (poison) 
and ferre (to bear) hence the definition, “conveying or producing 
a virus or infective germ”]. Still another term more recently 
introduced into the literature is “virucidal” or “virucide” [virus 
(poison) and L. caedere (to kill)] and is defined as “destructive 
to viruses.” 

HISTORY 

In 1659 and 1675 Kircher, a Jesuit, and van Leeuwenhoek, a 
Dutch linen draper, invented the simple microscope. These 
two men were undoubtedly the first to see living cells too small 
to be seen with the naked eye. From all available records 
there remains little doubt that these men actually saw bacteria. 
Whether the imaginations of these two pioneers ever rested 
upon the possibility of living agents still smaller than those 
seen with their microscopes or the compound and ultrami¬ 
croscopes which were to come later will always remain a matter 
of conjecture. We do know that following the invention of 
the microscope and the discovery of these minute living beings 
by Kircher and van Leeuwenhoek the march of events in the 
science of bacteriology was very slow. It was not until 1762 
that Plenciz wrote of the possible relation between bacteria and 
disease, although the conception of “contagion” had been written 
of by philosophers for hundreds of years prior to that date. 
History records the fact that nearly two hundred years elapsed 
between the discovery of bacteria by Kircher and van Leeuwen- 
hoek and the discovery by Pollender, (6) in 1849, of the anthrax 
bacihus which was the first bacterium to be definitely proved 
' the etiological agent in an infectious disease. 
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It is a matter of record however that in 1804, forty-five years 
before Pollender discovered the anthrax bacillus, Zinke had stu¬ 
died the filterable virus disease of rabies in dogs and demon¬ 
strated the infectiousness of the saliva, although this disease was 
not transmitted to rabbits by artificial inoculation until the 
experiments of Galtier in 1879. The method of immunization 
perfected by Pasteur during the next few years is one of the 
landmarks of medical history. 

Before bacteriology then was established as a science, investi¬ 
gators were concerned with the study of at least one disease that 
we now classify with the filterable virus diseases. While bac¬ 
teriology in general has widened its frontiers to almost un¬ 
dreamed of limits in many directions, comparatively small pro¬ 
gress has been made in the study of the filterable viruses. The 
beginning of the study of filterable viruses is usually given in 
texts at a later date than that mentioned above. The foundation 
of this study is usually dated from 1886 when Loeffler and 
Pfeiffer (7) demonstrated in the lesions of smallpox minute bodies 
which they thought resembled Protozoa. Shortly after, in 1892, 
Iwanowski(8) when studying mosaic disease of tobacco found 
that filtrates of his material remained active for several months. 
This work is usually considered the corner stone of the study of 
filterable viruses. The work of Iwanowski was independently 
confirmed in 1899 by Beijerinck,(9) who advanced the theory of 
the possible existence of a “contagium vivum fluidum.” During 
the preceding year Frosch and Loeffler(10) demonstrated the 
filterable nature of the virus of foot-and-mouth disease in cattle. 
Since that time the study of the filterable viruses has developed 
in increasing importance and many discoveries have been made 
which will be described in the body of the text. Briefly some of 
the more important landmarks in the study of this group of 
viruses, since the work of Frosch and Loeffler in 1898 on foot- 
and-mouth disease, set down in chronological order are as fol¬ 
lows: In 1903 Negri (li) described the bodies, which now bear his 
name, in the central nervous system of animals dying from 
rabies; the same year Borrel(i2) demonstrated minute granules, 
which stain with Leoffler’s stain, in sheep pox, the so-called sheep- 
pox bodies; in 1907 Prowazek(i) demonstrated the so-called 
trachoma bodies in the epithelial cells of the conjunctiva from 
cases of this disease, and during that year published a review of 
filterable virus diseases; Heymann,G3) in 1909, demonstrated 
“inclusion bodies” in a form of conjunctivitis present at birth 
known as conjunctivitis neonatorum; Linder(14) during the 
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same year differentiated this disease from gonoblennorrhcea, 
showing that there might be two diseases, one due to a filterable 
virus, the other to the gonococcus; during 1908 Landsteiner and 
Popper (15) succeeded in transferring poliomyelitis to two mon¬ 
keys from spinal-cord emulsion from human cases which had 
died of the disease, and demonstrated that the virus was filter¬ 
able. This work was later confirmed by Flexner and Lewis. ( 16 ) 
In 1911-12 Rous (17, 18) demonstrated the filterable nature of 
a sarcoma of chickens, a monumental piece of work which attract¬ 
ed attention again in the work of Gye and Barnard (19) in 1925. 
In 1913 there were several important contributions to the filter¬ 
able virus field. Flexner and Noguchi (20) succeeded in cultivat¬ 
ing the virus of poliomyelitis; Noguchi and Cohen(21) described 
the cultivation of minute bodies described by Prowazek as occur¬ 
ring in trachoma; da Rocha Lima(22) demonstrated the filterable 
nature of the causative agent in verruga Peruviana, or Peruvian 
warts, thought to represent a later phase of the disease known 
as Oroya fever. The interpretation of this work, however, may 
have to be modified in the light of more recent work by Nogu¬ 
chi (23) in 1927, which appeal's to have established the true etio¬ 
logy of this disease. Finally, during the same year Lipsehiitz (24) 
published a complete survey of the entire subject of filterable 
viruses and presented a list of forty-one diseases affecting man 
and animals in which the filterable nature of the causative agent 
was established with more or less certainty. In 1915 and 1917 
we find the work of Twort(25) an d d’Herelle(26) on the subject of 
bacteriophage. This phenomenon will be considered in a sepa¬ 
rate chapter. Until 1918, yellow fever was thought to be due to 
a filterable virus, and temporarily at least this became doubtful 
when in that year Noguchi (27) described Leptospira icteroiJLes 
as the cause of this disease. In view of the recent work of 
Sellards ( 28 ) on this subject we are again in doubt regarding the 
etiology of yellow fever, and for the time being at least we have 
included it in this review. In 1919 Strauss and Loewe(29) 
claimed to have demonstrated and cultivated a filterable virus 
as the cause of epidemic encephalitis. This work, however, has 
not received confirmation. Levaditi, Harvier, and Nicolau(SO) 
have also described a filterable virus as the cause of this disease, 
tat researches of other investigators as well as our own (31, 32) 
have shown this virus to be closely identified with the virus of 
herpes, if indeed it is not the same. During 1920, 1921 and 
B22 appeared the work of Olitsky and Gates(33) describing 
Bacterium pneimosintes as the causative agent in epidemic in- 
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fluenza. More recent years have seen the development of the 
work on rickettske, diverse studies on the various inclusion bodies 
in attempts to correlate the mass of work on this subject; and 
lastly the cultivation of the causative agent of trachoma, the 
transmissibility in series of the experimental conjunctival dis¬ 
ease, and the recovery of the microdrganism from the experi¬ 
mental lesions by Noguchi (34) in 1927. 

ULTRAFILTRATION 

Filterable viruses, so we have seen by definition, are so desig¬ 
nated because they are small enough to pass through the pores of 
a Berkefeld or Chamberland filter. The sole requisite, then, for 
an infectious agent to be so classified, is for it to pass through 
one of these filters. It must be pointed out in the beginning that 
filtration is only a matter of gradation. There is no sharp divid¬ 
ing line, and it has been said that “like diffusibility, filtration is 
only a relative concept.” There are several kinds of filters used 
in the study of filterable viruses, but none is free from objection. 
In the first place the technical habits of the investigator in the 
use of these filters is of great importance when results are to 
be analyzed and evaluated. Pressure, whether suction or force 
pressure, time of filtration, the dilution of the material to be 
filtered, its viscosity, the amount of solid matter present, the 
reaction of the material, the possible variation in size of the virus 
at the time of filtration—all are important factors which should 
be taken into consideration. Add to these factors the fact that 
each filter, whether made of porcelain, diatomaceous earth, 
collodion, asbestos, plaster of Paris, or any other substance, 
differs from other filters made of the same materials even 
though it is only slight in degree—then the margin of safety is 
even much less, when the investigator attemps to interpret his 
results. 

Aside from the mechanical objections already pointed out there 
are two factors that should be emphasized; namely, new filters 
vary individually, and control filters are essential in the inter¬ 
pretation of results. If these two points were always kept in 
mind the results of filtration experiments would be exceedingly 
more convincing. For example, the spirochsetes that Wol- 
baeh(35) passed through a Berkefeld filter are not regarded as 
filterable viruses because it is believed that due to their flexibility 
this type of organism may be pulled or sucked through the tor¬ 
tuous pores of the filter. Wherry(36) has shown that an or¬ 
ganism that causes a form of pneumonia in guinea pigs and 
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•which measures 0.5 to 0.7 micron may pass through a Berkefeld 
filter; von Esmarch(37) has passed spirilla through a Chamber- 
land filter, and Borrel (38) has succeeded in passing water flagel¬ 
lates through artificial filters. It is possible, however, that cul¬ 
tures of org ani sms such as have been mentioned above may 
contain forms, some of which are extremely minute in size, either 
as a natural condition in the life cycle of the organism or as an 
abnormally dwarfed form existing as a result of heredity or 
environment. Recent work on filterable forms of Bacillus tuber¬ 
culosis by Calmette and Valtis, (39) Mellon and Jost, (40) Fa¬ 
bry, (41) Potter, (42) and others, recent investigations on filterable 
forms of Bacillus pestis by Burnet, (43) on filterable yeasts by 
Lewis, (44) and the discovery by Noguchi (45) of a filter-passing 
virus obtained from Dermacentor andersoni, all lend support to 
this concept. Undoubtedly the gradations brought about by the 
filters now available are not fine enough and reports of filterable 
forms of bacteria which have never heretofore been classified 
with the filterable viruses, give rise to many forms of speculation. 
Encouragement may be found, however, in the recent work of 
Kramer(46) on bacterial filters and of Zinsser and Fei-Fang 
Tang(47) in their studies on ultrafiltration. Kramer has shown 
that by preparing a filter of calcium carbonate and magnesium 
oxide of positive electrical charge, bacteria, viruses, and colloids 
used in his tests may be withheld, though these agents readily 
pass through filters made of siliceous material carrying a nega¬ 
tive charge. Zinsser and Fei-Fang Tang have attempted to 
arrive at the relative size of several different substances by filtra¬ 
tion at a known, P H through graded filters prepared of collodion. 
The results of these experiments show an order of magnitude of 
the various substances tested as follows: Crystallized egg albu¬ 
men; crystallized serum albumin; trypsin; collargol; casein; bac¬ 
teriophage, Rous sacroma, and herpes virus; and lastly arsenic 
trisulphide. These results, as pointed out by Zinsser and Fei- 
Fang Tang, do not agree with the. work of Levaditi and Nico- 
lau(48) and Levaditi, Nicolau, and Galloway(49) i n that these 
investigators found that the virus of foot-and-mouth disease was 
filterable through membranes that held back trypsin. On the 
other hand the work of Zinsser and Fei-Fang Tang agrees fa¬ 
vorably with the measurements made by Olistky and Boez(50) 
for the virus of foot-and-mounth disease. 

Our own observations (51) have been that well-controlled ex¬ 
periments with collodion-membrane filtration experiments are 
very difficult. For example, particles of bacteriophage are for 
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the most part absorbed onto the membrane though it is possible 
to recover the active principle by successive feedings of the fil¬ 
trate with the susceptible organism, thus showing that some of 
the bacteriophage passed the filter although a substance such as 
haemoglobin was withheld. 

The size of these minute viruses is important without doubt, 
and at present there is no way in which to arrive at their approx¬ 
imate size except through comparison with other known sub¬ 
stances. Far more important, however, is their nature, their life 
cycle, the methods of cultivating them, and the study of their 
functional activities. These are all problems for the future, 
since for most of the filterable viruses none of these things are 
known. Rawlins, (52) in writing recently of research on viruses 
causing plant diseases, calls attention to the work of Mines(53) 
who has shown that the addition of certain protective proteins 
to colloidal gold may cause the latter to exhibit properties char¬ 
acteristic of proteins. In this respect Rawlins suggests that it 
is possible that protective colloids and other factors in the com¬ 
plex plant extract may so modify the properties of a virus as to 
give an erroneous impression of its real nature. Zinsser and 
Fei-Fang Tang clearly recognize this possibility in their experi¬ 
ments. Rawlins in his view of the field of virus diseases of 
plants suggests several lines of study; such as, selective absorp¬ 
tion, treatment with microoganisms, precipitation, cataphoresis, 
centrifugation, sedimentation, and dialysis such as have been em¬ 
ployed by Sherman, Caldwell, and Adams (54) in their attempt 
to isolate enzymes. Some of these methods have already been 
used in the study of filterable viruses causing human diseases 
though the possibilities have by no means been exhausted. In¬ 
activation of viruses by means of colloids of known composition 
and reactivation by methods similar to that used by Johnson- 
Blohm(55) in reactivating rennet is also suggested by Rawlins. 

In the end we inevitably return to our conception of filtration 
which is practically our sole criterion in the classification of 
these agents. Contrary to general thought Bronfenbrenner and 
Muckenfuss(56) have recently shown that filters become more 
permeable the longer they are employed in a given operation. 
Filtering a strain of bacteriophage and its susceptible organism 
over long periods of time these authors demonstrated that while 
in the beginning the active principle passed the filter in a certain 
concentration, free from bacteria, after prolonged filtration the 
susceptible microbe itself passed the barrier. More recently 
there have been several attempts to employ animal membranes 
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in vivo in filtration experiments. In our laboratory we have 
attempted filtration experiments with a strain of bacteriophage 
through the normal barriers of the central nervous system. (57) 
The bacteriophage was injected into rabbits intraspinously and 
recovered from the blood stream of the animal at a later period. 
Bacteriophage introduced into the animal intravenously could not 
be demonstrated in the spinal fluid. Le Fevre de Arric<58) has 
shown that certain dyes (such as, methylene blue, trypan blue, 
and neutral red) and certain drugs (such as, potassium iodide 
and urotropin) exert a favorable influence upon the fixation by 
the central nervous system of certain neurotropic viruses, such 
as the virus of herpes and of rabies, presumably acting upon the 
vascular endothelium of the meninges. Grasset(59) injected gra¬ 
vid rabbits and guinea pigs with a filtrate of colon bacillus bac¬ 
teriophage and demonstrated the presence of the bacteriophage 
in the maternal blood though it was absent in the! foetal blood. 
Evidently bacteriophage does not traverse the placenta and dif¬ 
fers from antitoxin in this respect though toxins and anatoxins 
are also withheld. 

THEORIES CONCERNING THE NATURE OP FILTERABLE VIRUSES 

When considering the theories concerning the nature of the 
filterable viruses one of the first questions that arises is whether 
these agents are animate or inanimate, or whether some of them 
are living substance and others nonliving. At present it is im¬ 
possible to make any statement concerning this question that 
will apply to the entire group of viruses. Doubtless there are 
few who would question the living nature of the virus of rabies, 
of poliomyelitis, of herpes, of hog cholera, of rinderpest, of 
smallpox, and a host of others, but there are many who have 
questioned, for example, the living nature of the bacteriophage. 

Life (L. vita) is: loosely defined as an aggregate of vital 
phenomena; a certain peculiar stimulated condition of organized 
matter ; that obscure principle whereby organized beings are 
peculiarly endowed with certain powers and functions not as¬ 
sociated with inorganic matter. One of these functions, and 
perhaps the most fundamental of all, is reproduction. For if 
there were no reproduction life would cease to exist after a 
time. Closely following in importance the power of reproduction 
is adaptation. Living things have the power in general of 
adapting themselves to their environment. If they did not 
piffiSete tins power they would die. Still another function of 
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living beings is respiration. Even bacteria respire, and their 
respiration can be measured quantitatively by the methods de¬ 
scribed by Novy, Rhoem, and Soule, (60) by Bronfenbrenner,(61) 
and by McKinley and Coulter. (62) These are all fundamental 
considerations, and while there are many others, such as the 
assimilation of food, the power of locomotion, sensitiveness to ex¬ 
ternal agents—-these are the most important. There can be no 
question that most of the filterable viruses possess the power 
of multiplication, and no further comment is necessary in this 
regard. Upon this point has hinged our conception of the 
bacteriophage for the past ten years. There are still many 
who will admit that increase in number of bacteriophage parti¬ 
cles takes place under certain conditions but who do not 
recognize its living nature. (63) Both bacteriophage and herpes 
virus are susceptible to the destructive action of ultra-violet 
rays, yet this criterion is not sufficient to determine the living 
nature of these agents since enzymes are also destroyed by this 
form of energy. (64) 

Filterable viruses possess the ability to adapt themselves to 
their environment, otherwise they would cease to exist. To be 
sure, like all living things, they are frequently modified in the 
process of undergoing adaptation; for example, the modification 
of rabies street virus when passed through rabbits. That the 
filterable viruses assimilate various elements for the purpose of 
surviving and reproducing their kind is indicated in the few 
successful experiments on cultivation in artificial media ; for ex¬ 
ample, the virus of poliomyelitis. Furthermore, it is well known 
that this group of agents is susceptible to external changes 
brought about by chemicals and changes in temperature, although 
in general they appear to be more resistant than ordinary bac¬ 
teria in this regard. 

The state of being of the filterable viruses meets fully our 
definition of life. They are beyond peradventure endowed with 
certain powers and functions not associated with inorganic mat¬ 
ter. With the power of reproduction or multiplication, the 
function of adaptation, susceptibility to physical and chemical 
agents, ability to assimilate food in artificial culture media, can 
there be doubt that they are living beings? To be sure it has 
not been demonstrated that filterable viruses respire, though this 
may be due to the lack of a suitable method fine enough in its 
technic to permit demonstration of what may be an extremely 
small interchange of oxygen and carbon dioxide. 
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It was first suggested by Beijerinck(9) in his study of the 
mosaic disease of tabacco that a possible “contagium fluidum 
vivum” might exist. Simon (3) has suggested another term in 
his “contagium inanimatum.” These two concepts are diame¬ 
trically opposed to each other as regards the living nature of 
the “contagium,” but both suggest in their meaning that the 
filterable virus may exist in a chemical form. There is no 
direct evidence to support this concept, though the theory is 
of great interest. 

A concept that is quite wide spread is that the filterable 
viruses exist as filterable or ultramicroscopic forms of bacteria 
and perhaps in some cases as protozoans. The physicist regards 
them as particulate beings that have up to the present been 
undemonstrable because of the lack of suitable optical instru¬ 
ments with which to see or photograph them. The particulate 
nature of a few viruses has been demonstrated, especially those 
that have undergone artificial cultivation. The susceptibility 
of herpes virus to ultra-violet light is also suggestive of this, 
while in the case of the bacteriophage actual partition has been 
accomplished by d’Herelle,<26) by Bronfenbrenner and Korf,(65) 
and in our own experiments. (63) It has been suggested by many 
investigators that the filterable viruses are more resistant to 
external agents than bacteria because of absorption of the filter¬ 
able agent upon protein aggregates or vice versa, thus intro¬ 
ducing the concept of protective colloids. 

Opinion is divided regarding the significance of the so-called 
cell inclusion bodies, such as, trachoma bodies, sheep-pox bodies, 
the inclusions of herpes, Negri bodies of rabies, vaccine bodies, 
intranuclear inclusions in visceral disease described by von 
Glahn and Pappenheimer, (66) the cellular inclusions in the sali¬ 
vary glands of guinea pigs, Kurloff bodies in guinea pigs, and 
others. It is quite evident that these bodies for the most part 
are uniformly present and associated with the respective virus 
disease. Prowazek in 1907 suggested the name “chlamydozoa” 
for this group of “cell inclusion bodies,” a term derived from the 
Greek meaning “cloak” and “animal” and defined as a protozoan 
consisting of a cell surrounded by material secreted by the in- 
vaded cell. Reference has already been made to the theory 
that Negri bodies are in reality protozoan in nature. Lipschiitz 
has ^suggested the term “strongyloplasma” for this group of 
® term also derived from the Greek, m ean ing “round” 
and “to mold,” hence the definition “to mold round.” One school 
of thought considers these bodies as representing the virus pro- 
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per, either singly or in groups, while another believes them to be 
simply the reaction products of the cell massed together and 
capable of taking stains by which they are demonstrated. The 
inclusion bodies will be considered in detail in a chapter devoted 
to this subject. 

CLASSIFICATION OF FILTERABLE VIRUS DISEASES 

The filterable virus diseases represent one of the most difficult 
groups of diseases to classify. This is partly due to the fact 
that new developments in their study necessitate frequent modi¬ 
fication, but chiefly because of our lack of exact knowledge 
concerning many of them. They cannot be classified according 
to the pathologic changes they produce because in many instances 
the pathology is unknown; for example, in dengue fever. They 
cannot be classified according to bacteriologic or protozoan cri¬ 
teria for too little is known of their nature. They cannot be 
grouped according to transmission because the method of trans¬ 
mission in many instances is doubtful or unknown. They cannot 
be classified from the eytological point of view for, as Cowdry (67) 
has stated, “The inclusions themselves, occurring as they do not 
only in man and many vertebrates, but also in certain insects 
and plants, are characterized by great diversity. For this rea¬ 
son generalizations are difficult to make, and are often stultified 
by the number of qualifications and exceptions which must be 
noted.” Further, Rivers (5) in an abstract of his review on 
filterable viruses states: “In regard to the filterable viruses, it 
can be said that they exhibit, when compared one with another, 
a diversity of characteristics equal to, if not greater than, that 
exhibited by ordinary bacteria and other known forms of life.” 

In 1912, Wolbaeh(68) published a chart of the diseases presum¬ 
ably caused by filterable viruses. In this tabulation he attempted 
to set down the transmission as well as the occurrence of the 
disease, but in many instances the transmission was not known 
to be either direct or indirect. While Rivers (5) does not offer 
his table of filterable viruses as a classification, he has attempted 
to correlate the known facts in the grouping of filterable viruses 
diseases, and his table is exceedingly interesting. 

Probably the most general classification of this group of 
diseases can best be made upon the basis of host susceptibility. 
This factor is quite generally known, and in grouping the dis¬ 
eases according to their occurrence the finer known characteris¬ 
tics of the viruses may be taken into account and upon these 
points the place of each particular disease in the grouping may 
be determined. Such a classification follows: 



Table 1 .—Classification of filterable virus and rickettsia- diseases according to host susceptibility. 

I, VIRUS DISEASES OF MAN. 
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mental. 

Yellow fever d . .... .do..--- 4-13 days; South Amur- __,do..do.--.. Skin, liver, Man, monkeys One attack 30-80 per cent; 

average 4 ica; Africa. kidneys. experimental. confers im- 7-10percenfc 

- 5 days. munity. in natives. 

* Bacterial (Noguchi). b Bacterial (Olitsky and Gates). « Intact borne, 6 Insect borne; spirochaetal (Noguchi). 
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baoB, ho kb, 
sheep, rabbits, 
fowls. 










Tabus 1 .—Classification of filterable virus and rickettnia diseases according to host susceptibility- Continued. 

II. Virus diseases of animah —-Coivtrnned. 
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Bacterial (Noguchi). 11 Bacterial (Bridre). 
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Table 2.— Wolbach’s chart of filterable virus diseases (1912). 


[This chart is a modification of Wolbacli’s chart as it appears in Hiss and Zinsser’s Text 

Book of Bacteriology.] 



Transmission. 


Disease. 



Occurrence. 

Direct. 

Indirect. 



MoIIuscum contagio- 
sum. 

Direct contact_ 


Man. 




T)pttgne> fpvpr 


Culex fatigems a . 

Do. 

Verruca vulgaris, fil- 

(?) 


Do. 


trability? 




Trachoma filterability.. 

Direct_ _ _ 


Do. 



Poliomyelitis_ 

Unknown; probably 

Indirect by sta- 

Do. 


nasal, etc., dis¬ 
charges. 

ble fly. 


Measles filterability 
claimed by Goldberg 

Direct.__. 


Do. 



and Anderson. 




Scarlet fever, filterabil¬ 
ity claimed by Can- 

Probably direct.. 


Man, chimpanzee. 



tacuzene and Bern¬ 
hardt but doubtful. 




Foot-and-mouth dig- 

Direct__ 


Man, cattle, swine. 

ease. ■ 



Rabies__ 

Direct by bite with 
saliva. 


Man and all mammals; 
birds. 



Variola and vaccinia.__ 

Direct__ 


Man, cattle; trans¬ 
mitted to mon- 






keys, rabbits. 

Pleuropneumonia of 
cattle. 

_do. 


Bovine species. 



African horse sickness.. 


Probably insects; 
mosquitoes. 

TTAnono 

j 


Sheep pox__ 

' Direct_ 


SlnOAirv 





Cattle plague...,_ 

Food contaminated 


Cattle. 


with excreta. 


Hog cholera_ 

Direct.. 


Hogs. 

Horses. 

Sheep, goats. 

Swamp fever of horses 

Agalactia of sheep 
and goats. 


Probably indirect.... 

Contact. 



“Blue tongue”_ 

(?) 

(?) 

Sheep. 


Guinea-pig epizootic. „, 

(?) 

(?) 

Guinea pigs. 

Guinea-pig paralysis._ . 

(?) 

(?) 

Do. 

bfovy’s rat disease_ 

(?) 

(?) 

Rats. 

Fowl pest___ 

Faces... 


Pheasants, sparrows, 







geese. 

$ 

| 

>r c 

I 

Contant exudates, etc.. 


Fowl. 

Chickens. 

Rous’s chicken sar- 

(?) 

(?) 

coma. 




Pappataci (three- 

, day fever). 

TJnkown..,.,... 

Pbiebotomus pa- 
patassii. 

Man. 


; Influenza, claimed by 
Yamanouchi, Olitsky 

Direct,_____ 


Do. , 



and others. ' 




■, ■, Mumps, claimed by 
'Wofjtateftii"' ; 








a It is known that dengue fever is transmitted by Aedes segypti. 
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Filter-able Virus Diseases 


EdCtSPiCphagS 

Mosaic diseases of plants 
(infectious chlorosis) 

Sacferood 

Vitit of European nun noth 
Wilt cf gypsy moth caterpillar 
Jeundice of silk wop ns 

Epizootic of gained pigs 
Hog cholera 

Cattle plague (Rinderpest) 
Pernicious anemia of horses 

* Virus E Infection cf rabbits 

* Fc ot * cod- mouth disease 

1. Type A 

2. 'Type 0 

Vesicular stcmatiUs of horses 

* Paravaccinia (Ko report on filtration) 


■* Trachoma aod inclusion btenerrhea 
Infectious papular stomatitis cf cattle 
*Kdiuscum ccntagiosum 
« Warts 

Contagious epithelioma (fowl-pox) 
t Chickens 
2.?igeons 

Infectious myxomatosis of rabbits 
Rous sarcoma of chickens 
Leukemia of chickens 
Lymphocytic disease of fish] 

Epithelioma offish I No reports ca filtration 

Carp-pcx J 

Humps (According toKewnopgant, a spirochetal disease) 
Agalactia (According toBnidre, a bacterial disease) 

% Salivary gland disease of guinea pigs 


Measles (rubeola) 

German measles (rubella' (Ko report on filtration) 


Sv/ine-pox 
Goat-.pox 
Sheep-pox* 

Horse-pox 

Cow-pox }®- 

Smallpox * 

Varioloid 
Alastrim 

/ Chicken-pox* luo reports 
if Herpes zosterj on fUtratice 
L [Symptomatic herpes * 

6- Encephalitis 
Lethargic 

2. following vaednation}- 

3. Japanese 1924] _ 

4 Kcritschonerj | 

-P'S.AustralianXdisease 3 
{Momyetltis 

«• Rabies - * 

*> Bcrna's disease 

* Fowl plague and plague of blackbirds 
Guinea pig paralysis 
*» Distemper cf dogs 


Grippe (influenza) (According to Clitsky and Gates a 
Common colds bacterial disease) 



Nairobi disease of sheep 
Catarrhal fever (blue tongue) of sheep 
African horse sickness 
Pappataci fever 
Dengue fever 

. yellow fever (According tolfcgucbi a 
spirochetal disease-) 

“Typhus fever 
Trench fever 

Rocky Mountain spotted fever 
Heart water disease 
Jfiood fever of Japan 


•3 gfbrcya fever* and verruga pemviand 
p r £j Pleuropneumonia 
“ 5|j Avian diphtheria 
fd^LScarlct fever 


Majority of the diseases which have been placed in the 
filterable virus group by different workers. 
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Chapter II 


FILTERABLE VIRUS DISEASES OF MAN AND ANIMALS 

VARIOLA: SMALLPOX 

POCKENKEANKHEIT (GERMAN); VAEIOLE (FRENCH); VAJUOLO (ITALIAN) 

Definition .—Vaughan (l) defines smallpox as “an acute, spe¬ 
cific, infectious disease of unknown origin, characterized by 
sudden onset; usually with severe chill, accompanied by rapidly 
rising temperature and followed by a more or less general erup¬ 
tion which passes through papular, vesicular, and pustular 
stages, frequently leaving more or less permanent scars.” To 
this concise and clear-cut definition may be added that there are 
four clinical types; namely, discrete, confluent, hsemorrhagic, and 
modified; and that the greater the eruption the more severe is 
the disease. 

History .—There seems to be little doubt that this disease orig¬ 
inated in the Orient. In ancient times the people of India 
knew the value of performing inoculation for the disease. 
Vaughan states that in one of the ancient Indian medical books 
there are special prayers which were repeated by the Brahman 
priests while performing the operation of inoculation for this 
disease. According to this author the practice of inoculation 
was introduced into China from India during the third century 
before Christ. Arabian physicians described the disease in 
the ninth and tenth centuries, and it is said to have existed in 
Egypt about 1200 B. C. The spread of smallpox over the world 
was extremely slow. Presumably it spread from India to China, 
then through western Asia into Turkey and Europe since it 
was known in England in the' sixteenth century; and from Eu¬ 
rope it spread to America. 

Distribution .—As in olden times, smallpox is still widely dis¬ 
tributed over the face of the entire earth wherever the human 
species exists. It has been estimated that sixty million people 
died of this disease in the eighteenth century. (2) It is still 
a serious affliction of the human race everywhere and at time s 
assumes epidemic proportions causing untold suffering and loss 
of life. 
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Incubation 'period .—The period of incubation in smallpox va¬ 
ries from nine to fifteen days and on the average is twelve 
days. Fourteen days is usually given as the time which elapses 
between exposure and the appearance of the eruption although 
the prodromal symptoms appear earlier. 

Symptoms .—The prodromal symptoms, which are the first 
indication of the disease, are characterized by a rise in temper¬ 
ature which may be followed by a severe or light chill, nausea 
and vomiting, headache and backache, and a slight measleslike 
or scarlatiniform rash may appear. Usually the characteristic 
rash develops on the third day following the chill and rise in 
temperature. The papules as they begin to appear present a 
“shotty” feel and usually are discrete but may be confluent. 
Three days later the stage of vesiculation appears and the le¬ 
sions contain clear serum. The smallpox, vesicle exhibits a 
characteristic central depression or umbilication and gradually 
becomes turbid and passes into the suppurative or pustular 
stage. This usually occurs on the sixth day. The lesions may 
remain discrete or become confluent. Schamberg(3) has de¬ 
scribed one patient upon whom 26,791 pustules were counted 
and estimated the total amount of pus carried by the patient to 
be about 5 quarts. On another case he estimated that there 
were 40,000 pustules. 

During recovery the pustules dry and the lesions pass through 
the stages of desiccation, crusting, and decrustation. Scars ul¬ 
timately take their place and remain as a reminder of this 
dread disease. 

Animals susceptible to the pox virus .—The question of the 
interrelationship between all the forms of pox as they occur in 
man, animals, fowls, and fishes is a mooted one. Some authors 
take the view that pox per se is a disease entity and that its 
appearance in different species is modified by two factors; 
namely, the response to pox virus varies with the species and 
the virus itself is modified by the species. Certainly the etio¬ 
logical relation of human and animal pox is not sufficiently es-, 
tablished to warrant general statements in the matter. From 
an anatomical point of view the etiological identity of the 
different forms of pox is indicated. The disease appears in 
man and in sheep as a general infection, but the lesions are 
distinctly localized to certain parts of the body in cattle and 
goats. Furthermore, the disease in man and sheep frequently 
becomes epidemic in form, while the disease is limited in other 
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animals. That there is a very close relationship between human 
pox and cowpox is beyond question. However, only local le¬ 
sions are produced in man when inoculated with cowpox, and 
only in a few experimental cases have lesions developed in cattle 
as a result of inoculation with human pox. The close relation 
between these two forms of pox is proven, however, by the fact 
that cowpox virus produces a high immunity against smallpox 
in man. The general view may be taken that all forms of pox 
are identical; and such a concept enables one better to under¬ 
stand the disease in its broadest sense, but experimental data 
are lacking for this viewpoint at the present time. It is difficult, 
for example, to explain why pox in sheep spreads naturally to 
other sheep but does not pass to the closely related goats; nor 
is it dangerous for man. If such a general view is to be con¬ 
sidered we must assume that the virus of pox is modified in 
the different species and in that way account for its paradoxical 
manifestations. If such a view is acceptable then one may state 
that pox virus is pathogenic for many different species; such 
as, man, sheep, cows, goats, horses, swine, fowls, and certain 
fishes (carp). We must further assume that, due to a variety 
of unknown conditions, aberrant forms of the disease do occur, 
and that these atypical conditions fall in the same category as 
true pox infections, but in a modified form. 

For the present we are unable to accept this view notwith¬ 
standing its convenience, for there are too many contradictory 
facts existing. Suffice it to say that a form of pox is present 
in many different forms of animal life and within certain limits 
only do we understand the interrelation between them. Be¬ 
yond this no general statements are permissible in the light of 
present knowledge, and broader interpretations must await fu¬ 
ture investigation. 

The pox virus .—It is definitely known that the vesicular con¬ 
tents of pox lesions contain a virus that is filterable under high 
pressure through the less-dense porcelain filters, and for this 
reason the pox virus is classified with the group of filterable 
microorganisms. 

In the epithelial cells of affected parts of the skin, and be¬ 
tween the cells, there have been demonstrated by Prowazek, (4) 
Borrel,(5) Casagrandi,(6) Paschen, (7) Volpino,(8) and others, 
extremely small bodies that are from 0.2 to 0.5 micron in size, 
Gram negative, and stain with Loffler’s flagella stain and with 
': ,Gienis&..; : ': : Borrel described bodies in sheep pox in 1903 which 
have since been designated sheep-pox bodies. Prowazek has 



39 , 1-4 McKinley: Filterable Virus Diseases 41 

designated the small bodies found in pox lesions in man and in 
vaccinia as Chlamydozoa, but they are also referred to as Pro¬ 
wazek’s elementary bodies. Later these bodies become larger 
and are thought to represent a later stage in the development 
of the virus. These larger forms are frequently spoken of as 
Prowazek’s initial bodies. Lipsehiitz has designated them as 
Strongyloplasma variola-vaccine. The initial bodies are also 
known as Guarnieri bodies, named after an investigator who 
thoroughly studied them, (9) although they were first studied by 
Weigert in 1874 and later by Pfeiffer in 1886. The Guarnieri 
bodies (Cytorrhyctes vaccines, vaccine bodies) are spherical ci* 
half-moon-shaped bodies consisting of chromatin or plastin sub¬ 
stance. They are usually found lying close to the nucleus of 
the cell and rarely in the cytoplasm. In fresh preparations there 
appears to be an amoeboid movement. The exact nature of 
these bodies is unknown though it has become somewhat a gen¬ 
eral belief that they represent the reaction products of the cell 
plasma to the penetrating virus. According to this concept it 
is reasoned that the minute infectious agent, Prowazek’s ele¬ 
mentary body, enters the cell substance and there becomes in¬ 
closed by a plastin substance which is produced by the plasma 
of the cell as a protective reaction against the assault of the 
invader. Further the vaccine body again breaks down, the ini¬ 
tial body passes into the plasma of the cell, there disseminates 
and separates into elementary bodies. These elementary bodies 
may then, as Prowazek has argued, reach the outside world 
after the epithelial cell is destroyed and be capable of again 
infecting a susceptible host. 

According to some authors vaccine bodies represent only mi¬ 
grated or changed leucocytes; still others believe that they are 
products of the medullary layer of the plasma of the cell or that 
they are fragments of the nucleus; -while others attribute their 
origin to the centrosome or consider them as products of endo¬ 
genic cell rejuvenation, cellular inclusions of the second order. 

Whatever their origin or their nature they are characteristic of 
the disease. The pox virus may be propagated through inocula¬ 
tion of the cornea of rabbits, and Guarnieri bodies may be de¬ 
monstrated in the lesions. According to Schultz (10) these bodies 
in inoculated rabbit’s cornea are derived from the cytoplasm and 
are formed in response to infection or poisoning of the cells. 
This author concludes that nothing suggests the presence of the 
virus of smallpox in the Guarnieri body. Gracium and Oppen- 
heimer(H) have described the cultivation of vaccinia “granules” 
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in vitro with embryonic tissues and state that they remain 
alive for as long as seventy-one days as tested by rabbit corneal 
inoculation. In 1916 Paul(i9) demonstrated that following 
the scarification of the rabbit’s cornea with the pustular contents 
of cowpox and the immersion of the enucleated eye after forty- 
eight hours for a few minutes in sublimate alcohol, the lesions 
stand out prominently as white elevations on a dull milky-white 
background. This procedure has since been known as the Paul 
test. Toomey and Gammel(20) recently have reported a series 
of eighty cases of smallpox in which they were able to get 45 
per cent positives and conclude that the test, when present, is 
pathognomonic of the disease. 

Bacteria are frequently associated with pox virus. Strepto¬ 
cocci, staphylococci (aureus and citreus), and other bacterial 
forms have been reported. 

Immunity .—It is well known, and was recognized by ancient 
peoples, that one attack of smallpox confers an immunity to 
the disease. While artificial immunity may be produced by 
vaccination, the immunity so produced does not last indefinitely. 

Vaccination against smallpox .—In ancient times in India 
the practice of inoculation in smallpox was the custom. Dur¬ 
ing those times the danger of transmitting syphilis and other 
diseases by such an operation was only partially recognized, 
though the records are doubtful on this point. As smallpox 
spread over the world from India by way of Asia, so did the 
custom of performing inoculation against the disease. This 
is of particular interest since this method of immunization 
preceded the present method of vaccination and had a direct 
bearing upon its development. According to Vaughan, England 
was not informed of the practice of performing inoculation 
until 1713. Lady Montagu having learned the value of inocu¬ 
lation in the prevention of smallpox in Constantinople had her 
own son immunized in this manner, and returning to England 
in 1718 she supported the work of several English physicians 
who were interested in the prevention of smallpox. Several 
convincing experiments were performed upon convicts, and the 
Princess of Wales had six charity children inoculated. The 
method became popular for a time but gradually became un¬ 
popular again following several severe accidents that resulted 
from; faulty methods employed. From this time until 1840 ino- 
culation was practiced with more or less success in England 
apd America, though Jenner’s classical experiments on vaccina¬ 
tion with cowpox virus were performed in 1796. 
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Jenner himself had been inoculated against smallpox when 
he was a boy and had noticed that persons who had previously 
had eowpox were not susceptible to inoculation. His experi¬ 
ments as reported included ten cases all of whom had had cow- 
pox. The length of time that had elapsed between haling cow- 
pox and being inoculated with smallpox varied from nine months 
to thirty-eight years. None of the inoculations took. This 
paper was published in 1798. It was clearly recognized by Jen¬ 
ner that neither natural smallpox nor vaccination with covrpox 
virus was an absolute and permanent protection against the 
disease, but while vaccination did not give permanent immunity 
against smallpox he knew that vaccination might modify the 
course and severity of second attacks. 

In America the results of Jenner’s experiments were quickly 
applied. A group of nineteen boys were vaccinated with cow- 
pox in Boston in 1802, and about three months later twelve of 
the vaccinated boys were inoculated with smallpox. None of 
them developed smallpox. Two unvaccinated controls developed 
the disease after being inoculated with the same virus. From 
this time vaccination became the scientific and popular method 
for preventing smallpox. 

Rosenau(2) defines vaccination as the introduction of vaccine 
virus into the skin with the object of inducting eowpox (vac¬ 
cinia) in order to prevent smallpox (variola). A true “take” 
is very characteristic and is known as a primary take. Modi¬ 
fied reactions may appear in persons previously vaccinated or 
in those who have had the disease. 

Following about three days incubation a papule appears which 
develops in another three-day period into a vesicle. In the next 
three-day period the vesicle passes into the pustular stage, and 
within three days the pustule is fully developed. Desiccation 
and decrustation follow. While this is the typical course in 
vaccination there are deviations now and then. Associated with 
the skin manifestations there are frequently mild or, in some 
cases, very severe constitutional symptoms. Rise in tempera¬ 
ture, headache, backache, loss of appetite, nausea, and vomiting 
may accompany the process. 

Methods of vaccination .—Many methods have been employed 
in vaccinating against smallpox. Chief among these methods 
are the puncture method, intradermal vaccination, scarification, 
and the incision method. Recently the pressure method has 
been advocated by Thomas and Bull(i2) and seems to offer 
several advantages over the usual methods employed. 
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Preparation of cowpox vaccine .—In the United States in 1902 
a law was passed regulating the manufacture of vaccine virus. 
This law requires the licensing of manufacturers of vaccine 
virus, and through periodic government inspection a uniform 
product is assured to the public. The law also requires manu¬ 
facturers to examine each lot of vaccine by bacteriologic methods 
to determine the number and the kind of bacteria present. 
Special tests which include animal inoculation and cultural 
methods are specifically required to determine if pathogenic 
organisms such as streptococci, tetanus organisms, etc., are 
present. 

The virus of vaccinia is more concentrated in the epithelial 
cells though it is also present in the vesicular contents. Both 
the lymph and the pulp are employed in preparing vaccine. 
Bovine virus has been used since the time of Jenner because 
it is always obtainable and was later found by Monckton 
Copeman(i3) in 1891 to be easily purified when preserved in 
glycerin. While the vaccine virus is very resistant to the action 
of glycerin, the nonspore-bearing bacteria are for the most part 
destroyed. 

Young calves are usually used for propagation of the virus, 
and in the East the carabao is employed. The animals to be 
used are first quarantined for a week or ten days to determine 
the absence or presence of other infections. When it is known 
that the animals are free from infection, they are thoroughly 
cleaned, and the abdomen is shaved and sterilized with a mild 
germicide. The seed virus is then rubbed into the superficial 
incisions that are made in the skin. The animals are then kept 
in screened isolation rooms, and about the fifth to the seventh 
day the vesicles are removed. The animal is killed and autop- 
sied to rule out any infectious lesions other than vaccinia. The 
virus may be dried and used when needed, or it may be 
glycerinated—the latter is to be preferred since the former can¬ 
not be purified. The dried virus may remain viable for a long 
period, but in time the glycerinated virus loses its potency, and 
for that reason old preparations should not be employed in vac¬ 
cination. ^ Though many modifications are practiced in various 
laboratories in the preparation of vaccine virus, the fundamental 
considerations are the same in all methods as here described. 
Full and detailed descriptions of the different methods employed 
are; to be found in the standard texts. 

It is possible that future investigations upon the cultivation 
of vaccine; virus may result in the use of pure virus for the 
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purpose of vaccination. MacCallum and Oppenheimer(i4) have 
already separated the “granules” from the rest of the vaccine by- 
differential centrifugalization of the virus in a solution of gly¬ 
cerin and Loeke’s solution. Parker (lo) has presented evidence 
of its cultivation in tissue culture, and the work of Cracium and 
Oppenheimer on cultivation has already been referred to. Aside 
from the purely practical aspects of this work such research is 
very important to the whole question of the nature of the filter¬ 
able viruses and represents a marked advance in their study. 

While it is well recognized that smallpox is primarily a disease 
that localizes in the skin and manifests itself by producing 
lesions there, it is thought that normal infection also takes place 
through the respiratory tract. That the skin as an organ can 
be infected directly is amply proved by inoculation and vaccina¬ 
tion. Though it is not common, a generalized vaccinia some¬ 
times results from vaccination. This has been commented on 
by students of local immunity, and to their minds the process of 
vaccination consists in immunizing the skin which is the suscep¬ 
tible organ of the body to this virus. Ledingham(i6) has re¬ 
cently shown that the infiltration of an area of the skin with ink 
and subsequent vaccination suspends all response to the naked 
eye. He suggests that the local defense is increased by stimulat¬ 
ing the reticulo-endothelial cells to proliferate. Schobl (17) in his 
most recent comprehensive study on yaws in the Philippines 
suggests an analogy in the mechanism of immunity in yaws and 
that in smallpox. The tendency of modern research on smallpox 
is very promising of fruitful results in as much as the effort is 
being directed away from empiricism which has for so long do¬ 
minated the study of this disease. New facts concerning this 
disease may throw much light upon the nature of other filterable 
virus diseases. 


VARIOLOID 

Varioloid is usually defined as a modified and mild form of 
smallpox occurring in a patient who has had a previous attack 
of smallpox or has been vaccinated. 

Vaughan (1) draws attention to this condition, and in his 
opinion the name is very unfortunate since it suggests a disease 
resembling smallpox but different from it. He further states 
that while varioloid is not of much danger to the patient, since 
it usually runs a mild course, nevertheless it is smallpox and as 
such is extremely dangerous to persons with whom the patient 
comes in contact. No longer do we accept the dictum that one 
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attack of smallpox or vaccination protects the patient for life, 
since it is well known that one may have smallpox more than 
once and that vaccination protects the individual against small¬ 
pox for only a variable period of time. The characteristic symp¬ 
toms and lesions are all present in varioloid, though as a rule 
there are fewer lesions and they do not penetrate as deeply as 
the lesions of true smallpox. 

PARAVACCINIA 

Paravaccinia is an anomalous response to vaccination with calf 
lymph which has been described as occurring in Vienna and other 
parts of Austria. It has been thought that some of the calf 
lymph produced at one of the vaccine laboratories in Austria 
has become contaminated with an aberrant form of vaccine virus. 

As has already been mentioned the Guarnieri bodies in pox 
lesions have been described as occurring in the cytoplasm of the 
epithelial cells. In paravaccinia Lipschiitz(l8) has described in¬ 
clusion bodies as occurring not only in the cytoplasm of the cell 
but also in the nucleus. While Guarnieri bodies have been de¬ 
scribed as occurring in the nucleus, they are very rarely found 
in this location. 

ALASTRIM: AMAAS: KAFFIR MILK POX 

Alastrim is regarded as an aberrant form of smallpox preva¬ 
lent in certain parts of Africa, the West Indies, and South 
America, and Is characterized by its short period of incubation 
and its low mortality. 

Aberrant forms of smallpox are found in almost every epidemic 
and from the standpoint of the public health must be regarded 
with the same seriousness as true forms of the disease. Alastrim 
is no exception to this rule. This disease is prevented by vac¬ 
cination as is variola vera. It may be noted that inclusion 
bodies have been described for this form of smallpox by Gas- 
tellani and Chambers. 
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VARIOLA VACCINIA: COWPOX 
Kuhpockbn (German); Vaccinia (French); Vajula vaccino (Italian) 

Definition. —Cowpox, or vaccinia, is an acute, febrile, infec¬ 
tious disease of cattle, characterized by a vesicular exanthema. 
This disease is closely related to smallpox in man since vaccina¬ 
tion with it will protect man from smallpox. 

History .—The history of smallpox has already been considered. 
In as much as cowpox, in most cases, can be traced to an infection 
from human beings affected with pox, the history of this disease 
and its virus can be traced back to the earliest records in which 
smallpox in man is described. We may consider cowpox then as 
a disease that has been known to the world since ancient times. 

Distribution .—The distribution of cowpox runs parallel with 
that of smallpox and undoubtedly, according to the most authen¬ 
tic records, spread over the entire world from the original locus 
of smallpox in India. 

Incubation period .—The usual incubation period in cowpox 
ranges from four to seven days but in some cases may be some¬ 
what less than four days and slightly more than seven days. 

Symptoms .—After an incubation period of four to seven days 
the disease begins with prodromal symptoms which may be so 
mild that they remain unnoticed. These symptoms consist in 
a slight rise of 0.5 to 1° in temperature, weakness, diminished 
appetite, and irregular rumination. The udder becomes sen¬ 
sitive, and the milk is thinner, of a low specific gravity, and 
coagulates more quickly. On the second to the third day pea¬ 
sized hard nodules appear upon the udder and teats. Within 
one or two days these nodules develop into reddish or bluish, 
or yellowish-white vesicles, frequently with a metallic luster. 
From the eighth to the eleventh day the vesicles begin to become 
purulent and a well-defined depression in the center is noticed 
(“Delle” navel). The pustules gradually dry up, and scabs are 
formed which later drop off leaving pitted depressions in the 
scarred tissue. There are rarely many vesicles, exceptionally 
more than twenty and frequently only a very few which may 
not develop simultaneously but appear at intervals representing 
different stages of the disease. Owing to mechanical conditions 
in milking the vesicles may be broken and as a result ulcera¬ 
tion may take place which requires a month or more to heal. In 
such eases the milk becomes contaminated. In the male the 
, lesions are to be found upon the scrotum. Generalized eruption 
may occur, but it is exceedingly rare. Strebel(l) has reported 
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one case of generalized eruption in which lesions appeared on the 
udder, croup, rump, chest, and neck, and on the inner surface of 
the thigh. 

In man a generalized eruption following vaccination with cow- 
pox virus is occasionally seen, the eruption being particularly 
disseminated over the back. Such a generalized eruption is con¬ 
sidered not uncommon in the Philippines. 

As in smallpox, aberrant forms of cowpox frequently appear 
and complicate the diagnosis of this disease. At times these 
atypical forms resemble somewhat the exanthema of foot-and- 
mouth disease, but in this condition the vesicles are larger and 
do not develop from nodules and are present in the mouth. Ac¬ 
cording to Hutyra and 3VIarek(2) the benign, coital vesicular 
exanthema is readily recognized by the simultaneous affection 
of the genital organs. 

If the vesicular contents are injected into the cornea of the 
rabbit, transparent proliferations may develop about the second 
day and Guarnieri bodies may be found in the fresh or stained 
preparations. 

So-called “wind and stone pox” has been described by German 
authors, and this form of pox may be an aberrant form of true 
cowpox. The disease described by Ehrhardt(3) as false cowpox, 
pointed pox, may also fall in this classification. The “varicellen,” 
water pox or wind pox, in which vesicles develop within only a 
few hours in children is probably not related to true pox in 
as much as no immunity against true pox is produced. Ru¬ 
dolph, (4) in writing of the benign “white pox,” which occurs in 
tropical countries, states that the central depression in the pus¬ 
tule of this disease is absent and that it produces an immunity 
against vaccine virus which lasts for about six months. Perhaps 
this condition may also fall into the category with other aberrant 
forms of true cowpox and the virus in this case may be so 
modified that its antibody stimulating or antigenic qualities may 
be considerably reduced. That it produces immunity to cowpox 
virus even for so short a period is sufficient evidence that it is 
closely related biologically. 

Animals susceptible to the virus of cowpox. —Vaccinia virus is 
capable of producing lessions in cattle (chiefly cows), in man, 
in the skin and cornea of rabbits, and in monkeys. According to 
Voigt(5) it is not possible to immunize cattle with sheep-pox 
'virus against cowpox and vice versa. Likewise cattle are not 
susceptible to goat pox; but horses, buffaloes, camels, hogs, 

242402-i 
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sheep, dogs, and fowls are all mildly susceptible to cowpox 
virus. Guinea pigs have been used for experimental purposes in 
the study of vaccine virus and are susceptible. 

The vines of cowpox .—Negri (6) demonstrated in 1905 that 
vaccine virus is filterable through coarse porcelain filters. Con¬ 
siderable pressure is needed with these filters to demonstrate 
the filterability of this virus. It is not filterable through fine 
filters even when considerable pressure is employed. Negri fil¬ 
tered calf lymph through Berkefeld filters under three atmos¬ 
pheres and was able to produce with the filtrate a true vaccinia 
keratitis on the cornea of rabbits and lesions upon the udders of 
cows. It is known that a filtrate prepared from lymph that 
has stood for some time is much more infective than a filterate 
from fresh lymph, and according to CariniU) this is explained 
upon the basis that the virus is contained for the most part within 
the cell, and after the lymph has stood awhile the cells disinteg¬ 
rate and liberate the virus. Nicolle and Adil-Bey (8) have shown 
that the infectivity of lymph may be increased by digestion with 
pancreatin. The morphology of the Guarnieri bodies has al¬ 
ready been considered in the discussion of smallpox in man and 
cultivation experiments with vaccine virus by Parker, Parker 
and Nye, and Cracium and Oppenheimer were described. These 
authors apparently succeeded in cultivating this virus only when 
associated with living cells. In 1906 Proscher(9) reported the 
cultivation of pox virus upon artificial solid media. According 
to this author's report smeary deposits develop on solid media 
that do not contain microscopically visible microoganisms but 
which produce pox pustules in calves up to the third and the 
fourth passage. It is doubtful if these experiments actually 
represent cultivation. Up to the present time the best method of 
propagating the vaccine virus consists in infecting a susceptible 
animal. 

Vaccine virus kept at a low temperature and protected from 
light and air remains virulent for months; room temperature 
rapidly attenuates it. It is destroyed in five minutes at a tem¬ 
perature of 58° C. The virus is very resistant to the action 
of glycerin but in time is attenuated by this reagent. Various 
disinfectants will, of course, destroy it. 

Immunity in vaccinia .—While vaccination of lower animals 
against pox is possible it is rarely employed according to Kelser. 
The chief use of vaccine virus is to protect man from smallpox. 
This subject has been fully discussed under smallpox. Fre- 
ger ( 10 ) vaccinated a herd of cows with calf lymph used for man 
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and produced typical pox pustules. These animals did not de¬ 
velop cowpox though they were part of an infected herd. 

Control measures to prevent cowpox. —Control measures con¬ 
sist in isolation of infected animals, careful milking to prevent 
complications and greater contamination of the milk, and vac¬ 
cination of healthy animals although the last is little practiced. 
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VARIOLA OVINA: SHEEP POX 

SCABROT, SCHAFPOCKEN (GERMAN) ; CLAVELEE, PlCOTTE (FRENCH) 
Vajuola pecorino (Italian) 

Definition. —Sheep pox is an acute, febrile, infectious disease 
of sheep characterized by a papulo-vesiculo-pustular eruption 
with catarrhal symptoms involving the mucous membranes of 
the eyes and the respiratory passages. 

History. —As smallpox in man, sheep pox was probably in¬ 
troduced from Asia and was probably known long before the 
first studies on the disease were made by Joubert and Rabelais 
toward the end of the sixteenth century. The infectiousness of 
sheep pox is said to have been established in 1763 by Bour- 
gelat.(i) In 1868 Chauveau(2) published important investiga¬ 
tions upon the etiology and pathogenesis of this disease, while 
Borrel(3) in 1903 first described the so-called “sheep pox bodies.” 

Distribution of sheep pox. —The chief distribution of sheep pox 
is in France and in the southern and eastern European countries. 
The disease is widely spread in Asia and in Africa but is noted 
in that part of the world for its benign course and is often un¬ 
noticed. However, it is reported that in 1909, in German South¬ 
west Africa, where the disease was imported with Karakul 
sheep, in one district twenty-five thousand sheep died. In 1823 
the loss of sheep in Austria alone was estimated at four hun- 
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dred thousand animals. In 1910 in that country only a few 
sporadic cases were reported. Germany has been said to be 
free of the disease since 1909. There is no record of the disease 
ever having occurred in America or in Australia. 

Incubation period in sheep pox .—The incubation period in 
sheep pox is usually from six to eight days and in some cases may 
be somewhat longer. In winter the time of incubation is usually 
slightly longer than in warm weather. 

Symptoms .—The prodromal signs of the disease consist of a 
rise in temperature to from 41 to 42° C. which may be accom¬ 
panied by chills. Along with the febrile conditions there is an 
acceleration of the pulse and respiration, loss of appetite, and 
catarrhal symptoms referred to the mucous membranes of the 
eyes and the respiratory tract. The eyes are half closed and 
a mucous discharge exudes. From the nose there is also a muco¬ 
purulent discharge. The tongue is coated, and the mucous mem¬ 
branes of the mouth and throat are inflamed. 

After one or two days have elapsed there appear upon the 
skin near the eyes, on the cheeks, nose, and lips, on the vulva 
or prepuce, udder or scrotum, and on the tail and thighs round 
red areas which may be surrounded by a serous infiltration. 
Within twenty-four hours nodules appear in the center of these 
spots, and soon vesicles appear which contain a yellowish serous 
fluid. A depression develops in the center of each vesicle and 
there is a distinct zone of hyperemia surrounding them. This 
development usually requires five or six days. On the sixth or 
seventh day these vesicles gradually change into pustules and the 
hypersemia surrounding the lesion becomes more intense. Desic¬ 
cation begins and crusts are formed that later drop off leaving a 
red scar that later turns white and is somewhat pitted. 

With the eruption there is usually continued fever, which rises 
to its height during the development of the pustules. There 
is a constant profuse discharge from the eyes and nose, and 
foamy saliva hangs in strings from the comers of the mouth. 
During healing there is falling out of the wool and severe 
itching. 

Lesions similar to those described for the skin usually develop 
upon the mucous membranes of the mouth and may even involve 
the pharynx. 

^typical forms of sheep pox occur in which there are no skin 
lesions at all and the animal exhibits only the catarrhal condition 
described above. In other forms, such as the so-called “stone 
pox” which occurs in Algeria, the skin lesions do not progress 
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beyond the papule stage. Such a form of the disease appeared 
in Germany in 1905 and was described by JoestG) and others. 
Such nodules often became ulcerated and even gangrenous. In 
some cases there developed keratitis followed by panophthalmitis, 
and blindness resulted. The constitutional symptoms remained 
severe as in the typical disease. It is thought that these abortive 
forms result from a high immunity that the animal has developed 
for the disease. The mortality in the German epidemic in 1905 
is estimated to have been from 25 to 50 per cent of all animals 
affected. In some cases extensive haemorrhages appear during 
the eruption, and as in smallpox this sign is regarded with great 
seriousness. 

Complications frequently result in which the animal develops 
a catarrhal pneumonia, or the infection may involve the bones, 
particularly the nasal septum, and necrosis sets in. Other com¬ 
plications, such as suppurative lymphadenitis, metastatic abscess 
in internal organs, pleurisy, and necrosis of the tendons, have 
been noted. 

Animals susceptible to the virus of sheep pox. —Sheep pox 
usually spreads only among sheep. It is not infectious for man 
nor does it pass from sheep to goats. Transmission of sheep pox 
to goats is possible but exceedingly difficult according to No¬ 
card. (5) It is not possible to immunize cattle against cowpox 
with sheep-pox virus. Sheep pox may then be regarded as an 
independent disease, although Gins and Sickert(6) consider all 
forms of pox as originating from human pox since they claimed 
to have changed human pox, swine pox, goat pox, and sheep pox 
into cowpox by passage through rabbits. 

The vims of sheep pox. —The virus of sheep pox passes 
through Chamberland filters according to Borrel.(3) Definite 
formed elements have not been seen in the unfiltered lymph, 
though Borrel, Bose,(?) and Paschen have described bodies simi¬ 
lar to Guarnieri bodies in the cells of the purulent vesicular 
contents and in the epithelium of the skin. According to Bose 
the virus may be present in the blood stream just before or at 
the beginning of the pox eruption. The virus is present in the 
scabs and after drying and becoming pulverized may be dissemi¬ 
nated to healthy animals. In this way it is believed that the 
virus enters through the respiratory tract and penetrates the 
alveoli of the lungs to the blood stream by which it is distributed 
to the skin. Intravenous injections of lymph containing virus 
may result only in a febrile reaction without cutaneous eruption. 
Animals injected intracerebrally develop a febrile reaction six 
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to eight days later and usually die within a week. Intracuta- 
neous, subcutaneous, and intratracheal injections of sheep-pox 
virus in sheep are followed by the typical disease. 

The virus of sheep pox in hermetically sealed tubes kept in 
a cool dark place will retain its virulence for two years or more. 
Stored at 35° C. it remains virulent for months. The virus in 
the fleece of sheep affected with the disease dies in at least two 
months. Presumably the virus is able to pass through the pla¬ 
centa, since affected ewes may transmit the disease to their 
offspring, the young being born with pox eruptions. The virus 
of sheep pox has not been cultivated. 

Immunity in sheep pox .—One attack of sheep pox usually 
protects animals against this disease for the remainder of their 
lives. It is well known that young lambs are more susceptible 
than older sheep and usually become infected if the disease is 
prevalent in the herd. For this reason if the disease is prevalent 
at all it is preferable to induce an infection artificially than run 
the risk of natural infection which experience has shown is far 
more serious. Vaccination then becomes an emergency measure 
rather than a protective or preventive procedure. The method 
used to produce artificial infection employs the original virus and 
not an attenuated form, and practically amounts to inoculation 
such as was practiced in smallpox in olden times. The great 
danger of this method is the risk of spreading the disease among 
other healthy sheep that are not immune. This is particularly 
true since vaccination is carried on only in certain localities. 
Such immunization results in a lasting immunity, and the disease 
usually runs a very mild course. Freshly collected pox lymph 
may be stored in capillary tubes at low temperatures for consid¬ 
erable periods without losing its virulence. Bose states that 
the virus of sheep pox remains alive and unattenuated for two 
years in the intestinal 'canal of leeches that have sucked lymph 
from ripe pox pustules. 

Borrel has suggested a simultaneous method of immunization 
for producing lasting immunity. This method consists of one 
injection of 5 to 15 cubic centimeters of Borrel’s immune serum, 
and at the same time elsewhere on the body 0.5 cubic centimeter 
of virulent lymph is given. This method of immunization has 
been used extensively with very excellent results. 

Bridre and Boquet(8) have suggested a method of vaccination 
that employs sensitized pox lymph. The pox lymph is saturated 
with immune Seram known to contain antibodies, and the high 
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degree of immunity that results in sheep when treated with 
this vaccine is produced without producing pox lesions in the 
animal. 

Complement-fixing bodies appear in the serum of sheep 
during the course of the disease and when used with an antigen 
prepared by extracting the pure pox scabs, complement is fixed. 
The serums of vaccinated animals also fix complement. 

Pathological changes in sheep pox. —-Animals dead of sheep 
pox show in addition to the skin lesions, haemorrhagic inflamma¬ 
tion of the membranes of the respiratory and gastrointestinal 
tracts. The lungs may show small nodules that have a central 
area of caseation necrosis. Other changes noted are infarcts 
in the lungs, acute interstitial nephritis, acute swelling of the 
lymph glands, and parenchymatous and fatty degeneration of 
the organs. 

Control of sheep pox. —The most useful control measures for 
this disease are quarantine, reporting of outbreaks, proper dis¬ 
posal of infected carcasses, and vaccination of healthy animals in 
infected herds. 
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VARIOLA EQUINA: HORSEPOX 

Sore heels; Pfsrdepocxen (German) ; Variole equine (French) 
Vajuolo equino (Italian) 

Definition .—Horsepox is an acute, febrile, infectious disease 
of horses characterized by a vesicular exanthema appearing par¬ 
ticularly in the flexor region of the pastern of young animals. 
In exceptional cases lesions also develop around the mouth and 
nose and on mucous membranes. 
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History. —Horsepox occurred most frequently during the mid¬ 
dle of the last century, though at present its occurrence is rare 
and some authors, Dieckerhoff,(l) doubt its occurence entirely. 
Bouley,(2) Chauveau,(3) and Nocard and LaclaincheG) incline 
to take the view that so-called horsepox is the same condition as 
contagious pustular stomatitis and other vesicular eruptions that 
occur upon the genital organs of horses. In Germany these 
diseases are considered as independent conditions. While the 
matter is not settled and the close similarity of the three diseases 
must be admitted, horsepox may, for the time being, be con¬ 
sidered a disease entity. Should it prove to be an independ¬ 
ent disease such as pox in other animals, it may be assumed 
that, like other forms of pox, it owes its origin to the ancient 
occurrence of pox in the Far East. 

Distribution. —The disease known as horsepox occurred in 
epizootics during the nineteenth century in England, France, and 
Germany. Other diseases with which the diagnosis is often 
confused, such as the vesicular and pustular eruptions, have 
been more general in their distribution; and should horsepox 
eventually be identified with these conditions, its distribution 
will include a much wider area than it is at present considered 
to include. Vesicular eruptions have been described in South 
Africa, the United States, France, England, and Italy. Conta¬ 
gious pustular stomatitis and vesicular stomatitis will be consid¬ 
ered later in detail. 

Incubation period. —The incubation period in horsepox is usu¬ 
ally considered to be from five to eight days. 

Symptoms. —It is thought that the disease may be transmitted 
to horses by drivers and blacksmiths. Associated with the vesi¬ 
cular lesions that develop upon the skin of the pastern is a rise 
in temperature and functional disturbances of the extremities. 
The skin on the pastern is inflamed andi swollen, and the vesicles 
develop to the size of lentils after which their contents exude 
and scabs are formed. In rare cases lesions develop on the 
mucous membranes of the mouth and nose and have been de¬ 
scribed on the conjunctiva of the eye. 

Animals susceptible to the virus of horsepox. —The disease is 
usually limited to horses. However, Cameron (5) in 1908 re¬ 
ported a case of pox in man which occurred on the arm of a driver 
who treated a horse having Horsepox. Chauveau succeeded in 
transmitting the disease to horses by injecting vaccine virus into 
the lymph and blood vessels. De Jong inoculated vaccine virus 
upon the mucous membranes of horses and produced lesions 
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similar to those of pustular stomatitis and found that animals 
that had previously had this disease were immune to vaccine 
virus. This author also found that the stomatitis virus produced 
lesions in calves, rabbits, and cattle and Guarnieri bodies were 
demonstrated in the cornea of rabbits. 

The virus of horsepox, — Jenner(6) first described pox disease 
in horses and attempted to find the source of cowpox in the pox 
eruptions of horses. Little investigative work has been done on 
the virus of this disease though it is known to be present in the 
vesicles that occur on the skin and in the saliva when the erup¬ 
tion involves the mucous membrane of the mouth. Such material 
when inoculated into the skin of cattle produces typical pox 
lesions. There are no data upon its filterability, though from 
what is known regarding other pox viruses the probability is 
that it will pass through coarse filters under high pressure. 

Immunity in horsepox. —One attack of the disease produces 
immunity to future infection. 

Control measures. —Isolation is the chief method of controlling 
and preventing the spread of the disease. If lesions are present 
on the mucous membranes of the mouth special pails for feeding 
and watering should be employed. Inoculation of healthy ani¬ 
mals may be undertaken in order to shorten the course of the 
disease should it spread. 
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VARIOLA CAPRINA: GOAT POX 

Definition. —Goat pox is an acute, febrile, infectious disease 
of goats characterized by a vesicular exanthema with moderate 
catarrhal symptoms involving the mucous membranes of the eyes 
and the respiratory passages. 

History. —The origin of this disease, like other forms of pox, 
was most probably in Asia, and as other pox diseases it spread 
from India to Europe and Africa. 

Distribution of goat pox. —The chief distribution of this dis¬ 
ease has been in Norway according to Boeek(l) and Hansen. (2) 
It has also occurred in Italy, Spain, France, Germany, and 
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Algeria. A poxlike condition in goats has been reported in 
California. 

Incubation period in goat pox. —The incubation period in goat 
pox is essentially the same as in sheep pox, six to eight days, 
but may vary in epidemics in different localities. 

Symptoms. —The clinical course in goat pox is similar to the 
development of pox disease in sheep. The catarrhal symptoms 
are practically identical but perhaps not as severe in goat pox 
as in sheep pox. The development of the eruption is the same 
as in sheep pox. In goat pox abscesses may develop on the 
udder, and pox lesions may appear in the mouth and on the 
mucous membranes of the upper respiratory passages. In some 
cases warty granulations occur on the lips and nose and ulcera¬ 
tion of the gums may occur. Usually the disease runs a favor¬ 
able course, but it may begin with marked symptoms and ter¬ 
minate fatally. Complications such as pneumonia may alter the 
usual favorable course of the disease and result in the death of 
the animal. 

Abortive forms of the disease have occurred in West Africa 
in which nodules only develop on the udder and teats which 
usually heal spontaneously within a short time. Similarly, a 
mild infection manifested by the appearance of hard nodules 
that simulate early lesions of goat pox has been described in 
California. Recovery from these mild forms of pox apparently 
does not produce immunity. While goat pox may be confused 
with foot-and-mouth disease, the differential diagnosis may be 
made on the facts that the disease is not transmissible to other 
cloven-footed animals and no lesions appear on the feet. 

Animals susceptible to the virus of goat pox. —The virus of 
goat pox is not transmissible to sheep either by artificial in¬ 
oculation or by natural infection. It does not pass to any other 
species of animals. If, as is supposed, the virus originated from 
cowpox and sheep pox, it is so changed in the goat that it is no 
longer infective for these animals. Ovine pox virus is said to 
be infective for goats by artificial inoculation, but Bonvieini(3) 
and Marcone(4) have never observed the disease in sheep in 
areas where goats were infected with it. 

The virus of goat pox. —The virus of goat pox Is present in the 
contents of the vesieles on the skin, and in the saliva if lesions 
have occurred in the mouth. Artificial infection may be pro¬ 
duced in goats by inoculating them with such material. Accord¬ 
ing to Marcone, small vesicles may develop on the hands and 
arms of humans who work around infected goats. Few investi- 
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gations have been made with the virus of goat pox, but it is 
believed that the same general properties are possessed by this 
virus as are possessed by virus of sheep pox and cowpox. 

Immunity in goat pox. —One attack of the disease produces 
a lasting immunity in goats. As has already been mentioned 
the mild forms of the disease produce little or no immunity. 
Preventive vaccination is possible but is little practiced. 

Control of goat pox. —The general principles of control that 
have been described for sheep pox also hold for this disease. 
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VARIOLA SUILLA: SWINE POX 

Definition. —Swine pox is an acute, febrile, infectious disease 
of swine, characterized by a papulo-vesiculo-pustular eruption 
that is quite generalized over the surface of the body, and is 
often accompanied with catarrhal symptoms especially involving 
the conjunctiva. 

History .—Swine pox is rare but has appeared (1907) in Hun¬ 
gary, Roumania (according to Poenaru(i)), and Morocco. In 
former times sporadic cases have appeared in other southern and 
eastern European countries. 

Course of the disease. —Spinola(2) and Szanto(3) describe 
swine pox as occurring especially in young pigs. The disease 
commences several days after infection with prodromal symp¬ 
toms consisting of a rise in temperature, loss of appetite, stiff 
gait, chills, weakness, and a marked evaporation of moisture 
from the skin that results in a “greasy” appearance of the animals 
with the bristles standing on end. Early catarrhal symptoms 
develop in the form of a conjunctivitis. Small red spots appear 
on the eyelids, snout, abdomen, thighs, neck, and back, which 
soon develop into hard nodules. After two or three days vesicles 
develop, later these become purulent, then dry and form crusts 
and scabs. In very severe cases the vesicles may become coales- 
cent and may be haemorrhagic, and lesions may appear in the 
mouth, pharynx, trachea, and bronchi. Diarrhoea sets in, and 
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death may result from exhaustion or complications such as pneu¬ 
monia. The diagnosis of swine pox can be readily made by 
inoculating the contents of one of the vesicles on the skin ot 
a healthy animal. 

The virus of swine pox. — Koch (4) reported the transmission 
of the virus of swine pox to calves, and it has long been known 
that cowpox virus can be transmitted to hogs. Szanto succeeded 
in transmitting swine pox to healthy pigs by placing infected 
pigs in the same pen with healthy ones. The incubation period 
was only four days. Poenaru transmitted the disease to healthy 
pigs with blood from infected hogs. It is thought that originally 
the disease developed in swine from cowpox, smallpox, and 
perhaps goat pox. 

Immunity in swine pox .—Swine may be protected from, swine 
pox by vaccination. The usual procedure and the one recom¬ 
mended is to inoculate the young healthy pigs with the contents 
of the ripe vesicle but not from pustules. Vaccination according 
to this method results in immunity, and the operation is carried 
out by the usual methods. While the mortality is usually not 
high in the natural infection, there has been ample opportunity 
to observe that recovered animals remain immune to subsequent 
infection with the virus. 


BIBLIOGRAPHY 

1. Poenaku, Arch. vet. (1907) 67. 

2. Spinola, Krankheiten d. Schweine (1892) 204. 

3. Szanto, A. L. (1906) 541. 

4. Koch, O. M. (1908) 1887. 

For other references see Smallpox. 

ILLUSTRATIONS 
Plate 1 

Fig. 1. Smallpox and varicella'. (From Hartzell; after Pfaundler and 
Schlossman.) 

2. Vaccination with vaccine virus. Eight days after vaccination. 
Vaccine virus twenty-seven days old. (Courtesy of Dr. Otto 
- Schobl.) 

Plate 2 

Generalized vaccinia in man. (Courtesy of Dr. Otto SehSbL) 

... . PLATE 3 

Alas trim. Patches on inner side of thigh, above knee and around septic 
cut. (After Moody, from Manson’s Tropical Diseases.) 

Plate 4 

Fig. 1 . Cowpox on the udder. (After Freger.) 
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Chapter III 


FILTERABLE VIRUS DISEASES OF MAN AND ANIMALS 

(Continued) 

VARICELLA: CHICKEN POX 

Variolette (French) ; Wasserpocken (German) ; Moroiglions 

(Italian) 

Definition .—Varicella is a markedly contagious disease, char¬ 
acterized by a cutaneous eruption that is confined to the superfi¬ 
cial layers of the skin. Chicken pox is usually a harmless 
disease and is rarely malignant. Death never results from this 
disease, and as a rule there are only mild constitutional symptoms 
associated with it. The exact cause of chicken pox is unknown, 
but it is thought to be caused by a filterable virus. 

History .—Undoubtedly chicken pox has existed since ancient 
times, though it was confused with smallpox (see Chapter II) 
until the nineteenth century. By most of the early physicians 
this disease was regarded as a benign form of smallpox. Chick¬ 
en pox has always been a mild disease, but it was early recog¬ 
nized to be highly contagious and is one of the most important 
diseases of children from the standpoint of loss of time from 
schools, and is an important consideration in institutions such as 
hospitals for children. We are informed by Vaughan that even 
during the latter half of the nineteenth century Hebra, of the 
Department of Dermatology in the University of Vienna, taught 
that chicken pox is a mild form of smallpox. There is no ques¬ 
tion as to the relation of chicken pox to smallpox since it is now 
well known that neither condition will give any immunity against 
the other, although an attack of either disease confers an 
immunity against a subsequent attack of the same disease. 
Chicken pox is found everywhere. No age is exempt, although 
the majority of cases occur in the fifth or sixth year. It 
has been estimated that 52 per cent of adults have had the disease 
during childhood. The disease is more prevalent in girls than 
in boys, and among white children than among colored children. 

The virus of chicken pox .—Little is known concerning the 
virus causing this disease. Numerous attempts have been made 
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to infect human beings artificially with varicella material and to 
transmit the disease to laboratory animals. Bryce, (1) in 1816, 
inoculated vesicular material taken from cases of chicken pox, 
representing all stages of the disease, into the skin of children 
who had never had smallpox or chicken pox. None of the chil¬ 
dren developed lesions. Hesse inoculated one hundred thirteen 
children with varicellous material and in seventeen of them 
obtained a slight local reaction, while nine developed a general 
reaction. Other investigators have had more or less success, 
but in general, the reports dealing with experimental chicken pox 
are at most unsatisfactory. In animals practically no success 
has been met with. Rivers and Tillett (2) have succeeded in 
inducing lesions in rabbits and monkeys with material taken from 
chicken-pox vesicles, a description of which will be given under 
Virus III infection. The possible relation of varicella to herpes 
zoster has been the subject of numerous papers during the last 
few years. Le Feuvre(3) is of the opinion that these two dis¬ 
eases are related etiologieally. Suggestive data in this connec¬ 
tion are contained in the work of Lauda and Silberstern,(4) Mel- 
drum,(5) Matthews, (6) Pereira, (7) and others. Ziel(8) also 
speaks of a "zosteriform” chicken pox; Cozzolino,(9) Hoff¬ 
mann, (10) and Netter and Urbain(H) have reported work which 
suggests the identity of the virus of herpes zoster and varicella. 
Recently, however, Scheer(12) reports herpes zoster and coin¬ 
cident varicella in a brother and sister developing simultaneously, 
one zoster and the other varicella. Fourteen days later, the 
child having zoster developed varicella and Scheer concludes 
that zoster offers no protection to chicken pox. 

In the differential diagnosis of this disease the physician has 
been concerned chiefly with smallpox. Histologically, smallpox 
vesicles are found to contain so-called vaccine bodies, while chick¬ 
en pox vesicles do not contain these. The lesions produced 
upon the rabbit's cornea with vaccine virus contain vaccine 
bodies, while the lesions produced with chicken pox are very 
minor and do not contain inclusion bodies. 

Though the virus of chicken pox has not been discovered 
we may state definitely that it is not related to the virus of small 
pox and probably is unrelated to the virus of herpes zoster. 

Incubation period .—The incubation period of chicken pox usu- 
S&T ranges from fourteen to twenty-one days. The period of 
incubation varies from four to twenty-one days but for public 
health purposes twenty-one days is considered the maximum . 
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Symptoms .—Mild prodromal symptoms consisting of general 
malaise may precede the eruption. Usually the first symptom 
of the disease is the eruption. In rare cases a scarlatiniform 
erythema is noted preceding the rash. (13) The eruptions begin 
first upon the head and trunk, then extend to the extremities. 
They appear in successive crops over several days. The trunk 
is usually more extensively involved. Lesions usually appear 
upon the face and in some cases may be numerous in this local¬ 
ity. With the eruption there is usually a slight rise in temper¬ 
ature to 99 or 100° F. The beginning lesion is a small erythe¬ 
matous spot which gradually develops into a vesicle containing a 
clear fluid. The vesicles are small, pinhead in size to pea size, 
round or oval, very 7 superficial and thin walled. In some cases 
the contents of the vesicle may become purulent. After one to 
three days the lesion dries up and a thin yellowish crust is 
formed. The lesions are always discrete and irregular in distri¬ 
bution. Several stages of development of the lesions may be 
noted at a given time. The mucous membranes are usually 
attacked, a few lesions occurring on the hard and soft palate. 
Itching may or may not be a prominent symptom. The disease 
may be complicated by secondary infection, and measures should 
be instituted to avoid this. 

Immunity .—One attack of chicken pox confers a definite im¬ 
munity. A number of investigators have attempted to induce 
artificial immunity in susceptible children by vaccination with 
the contents from varicella vesicles. In 1913, Kling(i4) obtained 
success with this procedure. This method of inducing artificial 
immunity has also met with more or less favorable results in the 
hands of Handrick,(i5) Rabinoff,(l6) Michael, (17) and Green- 
thal.(i8) The latter in 1926 obtained nineteen “takes” among 
thirty-six persons vaccinated with the vesicular fluid of chicken- 
pox lesions. Greenthal concludes that this method of producing 
immunity serves to cheek the spread of the disease. In his 
hands the immunity lasted less than eighteen months in one 
instance and more than six weeks in another. Greenthal at¬ 
tempted to inoculate guinea pigs with varicellous material by 
the coal-tar method employed by Teague and Goodpasture (19) 
in herpes zoster, but his experiments were unsuccessful. 

Pathology .—The vesicle of chicken pox is multilocular. Ac¬ 
cording to Unna its cavities are formed by the reticulating lique¬ 
faction of groups of prickle cells in the middle and upper portion 
of the rete. Ormsby states that the septa are formed of cells 
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between the cavities that have not undergone liquefaction. The 
contents of the vesicle is said to consist of granular coagulated 
fibrin and ballooned cells. The coriuxn shows oedema and vas¬ 
cular dilatation, but practically no infiltration of leucocytes. 

Prevention. —Cases of chicken pox should be isolated. Kling 
favors vaccination with chicken-pox virus during epidemic con¬ 
ditions. Greenthal’s work also suggests the advisability of this. 
Hess and Unger (20) were able to obtain immunity to varicella 
in thirty-seven of thirty-eight cases following the intravenous 
injection of vesicular fluid. This method of immunization should 
receive further attention, and the duration of such induced 
immunity should be accurately determined. 

HERPES ZOSTER: SHINGLES 
Zoster, Zona; Gurtelflechte (German) 

Definition .—Herpes zoster is an acute disease characterized by 
the appearance of groups of vesicles, usually following the 
course of a nerve trunk, and accompanied by neuralgic pains or 
itching. The distribution of the lesions is usually unilateral, 
and generally is not recurrent. 

Symptoms. —Hypersesthesia, itching, or pain may precede the 
appearance of the herpetic lesions of zoster. The pain may be 
localized or extend beyond the site of the future eruption and in 
some cases the glands near the site of the eruption become en¬ 
larged and painful. The vesicles appear along the course of 
the affected nerve and tend to occur in groups of two, three, or 
more, in patches separated by normal skin. The vesicles, which 
may be the size of a large pea and contain a clear fluid, later 
develop into pustules. In some instances groups of vesicles coa¬ 
lesce and are deeply situated in the skin. The lesions develop in 
successive groups and finally dry up and form a yellowish crust 
that leaves a pigmented area on the skin. In few cases ulcera¬ 
tion may take place. Usually the disease runs its course within 
two to three weeks but may be prolonged in some cases. The 
pain in herpes zoster may be very mild or severe depending 
upon the case, and may be transitory, disappearing with the 
lesions, or persist for long periods of time after all symptoms of 
the disease have subsided. While the disease is not prone to 
recur, many cases of two or more attacks are on record. The 
eruption may occur in different localities, and upon the basis 
of its place of attack the types of the disease have been desig- 
nated. Dermatologists now recognize the following types of 



39,1-4 McKinley: Filterable Virus Diseases 65 

zoster: Zoster frontalis, ophthalmicus, capillitii, facialis, nuchse, 
braehialis, pectoralis, abdominalis, and femoralis. 

The virus of zoster .—The true etiologic agent of herpes zoster 
is unknown. It is thought that infection, and mechanical and 
chemical trauma are its chief causes. Rosenow and Oftedal(2i) 
have reported the experimental production of zoster lesions in 
animals following the injection of certain streptococci which 
they isolated frdm the tonsils and pyorrheal pockets of patients 
suffering with zoster. Sachs(22) has described an epidemic 
of some sixty-nine cases of the disease that occurred in Breslau 
in 1901 which indicates the infectious nature of the malady. 
Hay (23) is of the opinion that the enlargement of the lymph 
glands in zoster indicates its infectious character. The relation 
of herpes zoster to varicella has been mentioned above. The 
affection has also been noted in connection with focal infections 
by Lain, (24) with malaria by Winfield, (25) with syphilis by 
Brown and Dujardin ;(26) and by other authors it has been noted 
with eclampsia, pysemia, septicaemia, meningitis, manipulations 
of the spine, gunshot wounds, and other injuries, and following 
the extraction of teeth. Also it appears that this infection 
may follow the ingestion of arsenic, and poisoning 'with mon¬ 
oxide, carbon dioxide, and other substances. 

In connection with the possible relation of herpes zoster to 
chicken pox Greenthal(i8) states that while working with the 
virus of chicken pox he developed a mild herpes zoster. He had 
had chicken pox during childhood. Recently one of my patients 
developed a mild herpes zoster although he had suffered an 
attack of chicken pox only a year before. Examples such as 
these can be multiplied. We believe that herpes zoster and 
chicken pox are independent diseases and are caused by different 
agents. These agents may be closely related, but they appear 
to be specific. 

Lipschutz(27) reports that he has been able to demonstrate the 
presence of inclusion bodies in the lesions of zoster that are 
sinjilar to the bodies found in other forms of herpes and in many 
other diseases that are caused by filterable viruses. From 
the vesicles of herpes simplex and herpes genitalis a virus can 
be recovered that is infective for rabbits, producing in them an 
encephalitis to which they succumb within a few days. The 
virus can be recovered from the brain of the infected animal. 
Cole and Kuttner(28) in 1925 examined nine cases of herpes zos¬ 
ter and attempted to infect rabbits with fluid from the vesicular 
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lesions. These authors were unable to isolate a single strain 
of herpes from these cases. During the following year McKin¬ 
ley and Holden (29) in their studies on experimental encephalitis 
in rabbits attempted to isolate a strain of herpes from three 
cases of herpes zoster but were unsuccessful. It seems apparent 
that the virus of herpes zoster is not infective for rabbits at 
least when it is inoculated subdurally. As mentioned above, 
Teague and Goodpasture (19) were able to inoculate guinea pigs 
with herpes virus quite easily after the skin had been rendered 
susceptible with previous coal-tar applications; in this way they 
produced experimental herpes zoster. 

The evidence points to a filterable virus as the etiologic agent 
in herpes zoster. Mechanical and chemical traumatism may be 
factors assisting in the development of the infection. As point¬ 
ed out by us in another publication (30) the herpes virus may 
remain latent in the tissues (ganglia, nerve trunks, etc.) and 
pass down the nerve trunks under certain favorable conditions 
and manifest itself in a cutaneous lesion. 

Incubation period .—The exact period of incubation in herpes 
zoster is unknown. 

Animals susceptible .—Man is the natural host for the virus of 
herpes zoster. According to the experiments of Goodpasture 
and Teague guinea pigs under certain conditions are also sus¬ 
ceptible. 

Immunity .—Herpes zoster is not prone to recur. However, 
instances in which several attacks of the disease have occurred 
in the same patient are on record. These observations may be 
taken as both positive and negative evidence for immunity. At 
present the question remains unsettled. Herpes zoster does' 
not protect against chicken pox nor does an attack of chicken pox 
protect against herpes zoster. Chicken pox, however, confers a 
definite immunity against a subsequent attack of varicella. On 
these facts alone should be based the opinion that these two con¬ 
ditions are separate and distinct entities although they may be 
similar and the causative agents may be closely related. 

Pathology .—The chief changes in herpes zoster are found in 
the posterior roots of the spinal nerves, in the root fibers of 
the posterior columns of the cord, and in the peripheral nerves. 
These changes consist of interstitial inflammation and degener¬ 
ative changes of the ganglionic centers. Sunde(3l) found active 
inflammation, multiple small haemorrhages, and round-cell infil- 
tration in and around the Gasserian ganglion on the affected 
Side of a patient having herpes zoster frontalis. There was also 
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a round-cell infiltration between the nerve fibers and a fibrino- 
purulent exudate associated with the presence of a Gram positive 
(both diplococci and chains) coccus. Regeneration usually 
takes place, but in some cases the destruction is complete and 
permanent. The cutaneous changes involve both the epidermis 
and the corium. Unna describes the changes in the epithelial 
cell as a “ballooning degeneration.” The cells within and around 
the vesicles have a cloudy protoplasm and frequently contain a 
number of nuclei which resemble protozoans. These were once 
thought to be parasites, but it is now known that they are nuclei. 
In the corium there is also dilatation of the capillaries, oedema, 
and moderate leucocytic infiltration. 

Herpes zoster is a self-limited disease and usually terminates 
within a few weeks at most. Herpes simplex tends to recur, and 
its appearance is not related to the nerve distribution. Herpes 
zoster should be differentiated from eczema and from chicken 
pox, which in some cases closely resemble it clinically. 

VIPvUS-III INFECTION 

Virus III was discovered by Rivers and Tillett <2) while at¬ 
tempting to produce chicken pox in rabbits. The agent produces 
gross as well as microscopic lesions in the cornea, skin, and testi¬ 
cles of rabbits, and infection with this virus results in an immu¬ 
nity against subsequent infection with the same material. In 
the beginning Rivers and Tillett believed that this virus was the 
cause of chicken pox, but further work disclosed the fact that 
virus III is indigenous to rabbits and that it can be differentiated 
from vaccine virus as well as herpes virus. These authors de¬ 
monstrated that the localization of the virus of varicella in the 
human skin is influenced by irritation. The effect was observed 
in five of fifty-one patients. In one case the lesions beneath an 
adhesive-plaster irritant were found to be more numerous than 
on other parts of the body. In another case napkins were irri¬ 
tants, and the lesions of chicken pox were located at the site 
of the irritation. In another case the tie and collar served as 
an irritant. This suggests that the virus is in the circulating 
blood. Rabbits were found to be susceptible to the virus recov¬ 
ered from the blood of varicella patients, which when inoculated 
into the testicles of rabbits produced redness, swelling, and 
oedema, although no ordinary bacteria could be demonstrated. 
The virus was capable of serial transmission through rabbits 
by mp.fl.nH of testicular inoculation and resisted the action of 
50 per cent glycerol for twenty-nine days. 
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Andrews and Miller, (32) and Miller, Andrews, and Swift(33) 
have also described a filterable virus infection of rabbits occur¬ 
ring in apparently normal rabbits and in animals inoculated 
with rheumatic-fever material. It is quite probable that these 
viruses, if not identical with virus III of Rivers and Tillett, are 
closely related to it. 

In later experiments Rivers and Tillett demonstrated that 
virus III is filterable through Berkefeld N and V candles, and 
that the virus is destroyed by heating to 55° C. for ten minutes. 
These authors found that the intradermal inoculation of virus 
III into rabbits results in more-uniform lesions than those ob¬ 
tained by smearing the virus on the scarified skin. Immunity 
to virus III was produced by intradermal, intratesticular, intra¬ 
venous, intracerebral, and intranasal inoculations. This immu¬ 
nity persists for at least six months. Passive immunity could 
not be produced in normal rabbits by immune serum taken from 
immunized animals. Serum from immunized animals, however, 
possesses virucidal properties for virus III either in vitro or 
when injected simultaneously with the virus into the same part 
of the skin. Rivers and Tillett state that virus III is immuno- 
logically distinct from both vaccine virus and the virus of symp¬ 
tomatic herpes. Serum from several patients convalescing 
from chicken pox possessed no virucidal activity against virus III. 
The authors conclude that the experimental evidence shows no 
relation of the virus to that of varicella. 

In 1926 Rivers, (33) convinced that virus III was indigenous 
to rabbits and that it was not related to chicken pox, reported 
his experiments with varicella material inoculated into monkeys 
(vervets). In this work he was able to demonstrate that 
following intratesticular inoculation of varicella material into 
monkeys there appeared nuclear inclusions characteristic of 
those found in several other filterable virus diseases. These 
inclusions were observed in the glandular cells of the testicle 
removed on the sixth day and stained with eosin. In a second 
monkey showing a similar gross reaction to the inoculation the 
testicles were removed on the eighth day but no inclusions were 
found. These results offer encouragement for the future study 
of ehicken pox and should receive further attention. 

Virus III has apparently been excellent material with which 
to study some of the more fundamental problems in relation to 
the general problem of the filterable viruses. Many interesting 
experiments suggest themselves with material at hand such as 
this. Pearce and Rivers have carried on some interesting work 
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with this virus in connection with tumor growth and malignancy. 
These authors found that transplantable rabbit neoplasm does 
not develop in animals immunized to virus III as it does in non- 
immunized animals. They believe that this resistance to the 
neoplasm is nonspecific and is due to a more effective resistance 
of the host. In other experiments these authors were able to 
show that animals Inoculated with virus-III-infected tumor ma¬ 
terial developed a more serious disease than animals receiving 
non-virus-bearing tumor material. 

Virus III should receive further study in an effort to confirm 
the interesting results that have been obtained by Rivers and 
his associates and to extend as far as possible our fundamental 
knowledge concerning the filterable virus infections. 
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rubeola: morbilli: measles 

Definition .—Measles is a specific, highly contagious, febrile 
disease -which is characterized by catarrhal manifestations of 
the upper respiratory tract, suffusion of the eyes, and a definite 
cutaneous rash. While the etiology of measles is not definitely 
determined it is thought by some to be caused by a filterable 
virus and by other investigators to be of definite microbial 
origin. 

History .—Measles is one of the most readily communicable 
of all diseases. Man is universally susceptible. It is probable 
that this disease is as old as the human race though in olden times 
it was confused with smallpox. Sydenham(i) in 1847 first gave 
an accurate description of this disease which eliminated much 
of the confusion between measles and smallpox that had gone 
before. Later, for a time, measles was confused with scarlet 
fever, and even to-day there are cases of German measles that 
offer difficulty in arriving at an early diagnosis between these two 
diseases. Koplik in 1896 described small, irregular, red spots, 
the centers of which are the seat of minute bluish-white specks, 
on the mucous membranes of measles cases. These spots, now 
designated “Koplik spots,” appear before the cutaneous eruption 
and aid materially in the diagnosis of this disease. 

While measles is considered one of the commonest diseases of 
childhood, it is by no means limited to this age group. Accord¬ 
ing to Vaughan(2) there were 67,763 cases of measles with 4,264 
deaths among the soldiers of the Union Army during the Civil 
War, while during the World War in the year 1918 the Surgeon 
General’s report gives 48,900 cases of measles for the United 
States Army. Pneumonia is a frequent complication of this 
disease, and the relatively high mortality is due to this complica¬ 
tion. Wherever people are brought together in crowds, and 
particularly in time of war, there are susceptible individuals, 
and epidemics of measles are to be expected. 

Distrib-uMon of measles .—Man is universally susceptible to 
measles, and the distribution of this disease is limited only by 
the distribution of its natural host. 
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The virus of measles. —The specific etiological agent in measles 
is undetermined. It is known from the work of Goldberger and 
Anderson that the virus of measles is present in the secretions 
from the nose and throat of measles cases, and that the specific 
agent is capable of passing through the pores of a Berkefeld 
filter. Blake and Trask (3) were able to induce the disease in 
monkeys with material obtained from the nasopharynx of active 
cases, and further demonstrated that the virus is filterable. This 
virus resists drying and freezing for twenty-four hours but is 
destroyed at 55° C. HektoenG) produced measles experiment¬ 
ally in two students, while Anderson(5) has also succeeded in 
inducing the disease in monkeys. Nevin and Bittman (6) claim to 
have induced symptoms of the disease in guinea pigs following 
the injection of blood from active cases of the disease. Duval 
and d’Annoy (7) have obtained similar results. None of these 
experiments has resulted in the isolation of any known bacterial 
forms, though Mallory has described certain minute bodies in 
the endothelial cells of the capillaries of measles cases. 

Caronia(8) recently reported the presence of an organism 
consisting of very minute granules and occurring in pairs in 
the blood, bone marrow, cerebrospinal fluid, and filtrates from 
nasal secretions of cases early in the course of the disease. 
This organism may be cultivated anaerobically from material that 
has been passed through a Berkefeld filter. Further, according 
to this investigator, the disease may be produced in susceptible 
individuals following the inoculation of this culture intravenous¬ 
ly and the killed culture when injected produces immunity to 
the disease. 

More recently Tunnicliff, (9) Donges, (10) Ferry and Fish¬ 
er, (ll) and Hibbard and Duval (12) have cultivated a nonhsemoly- 
tic streptococcus from the blood of measles cases. Tunnicliff has 
also been able to cultivate another streptococcus from cases of 
German measles. In forty-two of fifty-two cases this author 
recovered a streptococcus, although in twenty eases other bac¬ 
terial forms were found in addition to the streptococcus. Ferry 
and Fisher and also Tunnicliff have demonstrated that their 
streptococcus produces a toxin and in this respect is quite sim¬ 
ilar to the streptococcus of scarlet fever. In this connection 
Paraf (13) has shown that measles complicated by streptococcus 
infections can cause a positive Dick reaction to become negative. 
In later experiments Tunnicliff has shown that the green-produc¬ 
ing diplococci isolated before the appearance of the rash and 
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during the acute stages of the disease are immunologically dis¬ 
tinct from similar cocci isolated later during the convalescence of 
the patient. Guardabassi(W) found from his experiments on 
rabbits and guinea pigs that the measles virus is filterable, and 
demonstrated Gram-negative granular formations that measure 
from 0.4 to 0.6 micron in length and stain pink with Giemsa’s. 
He states that these forms are analogous to those described 
by Coronia. 

Long and Cornwell (15) attempted to isolate a toxin-producing 
green streptococcus from forty-seven cases of measles but were 
unsuccessful. In all the cultures made from the blood of these 
patients during the preemptive stage of the disease, cultures 
were obtained in only four instances and these were regarded 
as contamination. 

Degkwitz(i6) has been a steady proponent of the filterable 
virus theory of the etiology of this disease. In his most recent 
work he states that measles can be produced in human beings 
with material sterile from a bacteriologic standpoint, with sterile 
blood from a patient with measles, or with dilutions of blood 
that have been passed through a Berkefeld filter. This author 
finds that the nasal secretions are also infective. According to 
this author the virus of measles may remain alive for several 
weeks in blood taken from a patient having the disease, provided 
it is placed in buffered salt solution and kept at 0° C. 

Other organisms have been described as the cause of this dis¬ 
ease by Salimbeni and KermorgantU") who described the cul¬ 
tivation of a spirochete associated with a Gram-negative bacillus 
from measles cases and by Sellards and Bigelow (18) who re¬ 
ported the discovery of a small Gram-positive bacillus. Kusa- 
ma(l9) has described the passage through monkeys of a Gram¬ 
positive diptheroid bacillus that he believes to be the cause of 
measles. 

It may be said without reservation that the virus of measles 
is at present unknown. Since so many different organisms have 
been described as the cause of this disease it appears that second¬ 
ary bacterial invasion in measles eases is apparently accomplished 
with great ease. Perhaps future investigations will determine 
which of the various organisms described is the true cause of this 
disease or whether we must continue to regard the etiological 
agent of measles as a filterable and invisible agent. 

Incubation period in measles .—The incubation period of mea¬ 
sles is usually from eleven to fourteen days. 
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Symptoms .—The symptoms of measles may be divided into 
three stages; namely, the period of invasion, the stage of erup¬ 
tion, and the stage of desquamation. 

The invasion of measles is gradual. The fever and the catar¬ 
rhal symptoms increase gradually until the rash appears. The 
invasion of the disease is characterized by coryza, increased 
lachrymation and suffusion of the eyes, photophobia, sneezing, 
and nasal discharge. A hoarse, hard cough usually develops, 
and the patient may develop a sore throat. On the mucous mem¬ 
brane of the cheeks appear minute white spots, Koplik spots, 
that are diagnostic of the disease before the rash appears. The 
constitutional symptoms consist of dullness, headache, pains in 
the back and legs, and in some cases vomiting and diarrhoea. 

The eruption or rash begins about the third to the fifth day 
of the disease as small dark red spots on the back or behind 
the ears, at the hair line over the forehead, and on the neck. 
The first lesions are macules which rapidly change, within about 
twenty-four hours, to papules. The rash is usually fully devel¬ 
oped in from thirty-six hours to three days. As the disease 
progresses the rash spreads over other parts of the body and 
appears last upon the lower extremities. As a rule it covers 
the entire body and may remain discrete or become confluent. 
Usually the rash lasts about four days, but in mild cases it may 
terminate within a day or two and in other cases remain for six 
days or a week. The constitutional symptoms reach their height 
at the time of the full development of the rash. The tongue be¬ 
comes coated and somewhat resembles the strawberry tongue of 
scarlet fever. As the rash subsides the general symptoms be¬ 
come less marked, the fever rapidly declines and within twenty- 
four to forty-eight hours after the temperature has reached 
normal the rash disappears. 

When the rash disappears a fine branlike desquamation begins. 
It may last from five days to two weeks and is more marked in 
the cases where the eruption has been severe. 

Measles cases are subject to a variety of complications. As 
a rule the mortality is low, but in epidemics where the disease 
is complicated by a terminal pneumonia the mortality may be 
exceedingly high. In addition to pneumonia other complica¬ 
tions, such as meningitis, encephalitis (see chapter on Ence¬ 
phalitis), otitis, ehronic conjunctivitis, enlargement of the lymph 
glands followed by tuberculosis infection, nephritis, endocardi¬ 
tis and pericarditis, gastric disorders, erysipelas, furunculosis, 
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impetigo, pemphibus, and hemorrhages, have been observed. 
Measles may also be complicated by other infectious diseases. 

The blood picture in measles is characterized in the early 
stages of the disease by a lymphocytic leucocytosis and later 
there is a leucopenia. 

Animals susceptible to the measles vinos .—Man is the natural 
host for this virus. Experimentally monkeys, rabbits, and gui¬ 
nea pigs are said to be susceptible. 

Immunity .—One attack of measles usually confers immunity. 
Second attacks are more often reported in this disease than in 
any of the other eruptive fevers. Age is no barrier to the 
infection provided the individual has never suffered an attack 
of the disease. It is quite generally agreed that measles lowers 
the resistance to other infections more than any other disease. 
Immune bodies are greatly diminished or disappear within a 
short time after an attack of measles. 

Within recent years the use of convalescent serum has been 
employed, particularly by Park, for the prevention of measles. 
The serum is most active after the tenth day following the 
disease and before three months have elapsed. Five cubic cen¬ 
timeters of this serum are sufficient to immunize a child against 
measles for a few weeks. Adult serum has also been employed 
for this purpose, but much larger quantities are required to 
produce any immunity. Debre, Joanmon, and Papp(20) have 
employed minute quantities, 0.00125 cubic centimeter, of filtered 
blood from measles cases for the purpose of immunizing children 
and state that hundreds of children have been successfully vacci¬ 
nated in this way without any reactions. The duration of the 
immunity produced by this method is unknown. According to 
Baron (21) the use of Degkwitz’s protective sheep serum for 
measles is not encouraging. In this author’s experience all per¬ 
sons so immunized developed measles and in some cases with 
grave results. On the other hand the use of convalescent serum 
for immunization has met with continued success wherever it 
has been tried. For the time being this method of prevention 
in measles appears to be very encouraging, and the dangers of 
transmitting other infectious diseases may be minimized by 
careful selection of material to be used for immunization of 
susceptible individuals. 

In 1526 Tunnicliff and Hoyne(23) reported the immunization 
of goats with their green-producing measles diplococci and found 
that the serum from these goats protected rabbits against sub- 
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sequent injections of infective material from measles. Rabbits 
not so protected developed characteristics of measles when in¬ 
jected with infective material, the symptoms consisting of a rise 
in temperature, Koplik spots, and a rash. In another paper 
these authors have described the results of the use of their im¬ 
mune serum in children in which 45 per cent of children who re¬ 
ceived 4 to 6 cubic centimeters of serum on the fourth day after 
contact with measles patients remained immune. All infants 
under one year of age who received serum after rhe fourth daj' 
following exposure developed the disease. Tunnicliff concludes 
that— 

Although the duration of passive immunity with immune goat serum, 
as with human convalescent measles serum, is only a few weeks, the serum 
appears to be useful in preventing measles in very young and sick children, 
and in stopping epidemics in institutions where the inconvenience of an 
epidemic is great and the mortality may be high. 

Pathology .—The only anatomical changes in uncomplicated 
measles are those found in the skin and mucous membranes. 
The skin lesions are inflammatory in character and are thought 
to be more superficial than those in scarlet fever. Around the 
blood vessels there is an infiltration of round cells. (Edema 
and congestion are in evidence about the sweat and sebaceous 
glands, and the papillae. 

The mucous membranes are the seat of a catarrhal inflamma¬ 
tion, and in some cases the inflammation may he of a membra¬ 
nous character. Other anatomical changes depend upon various 
complications which may appear in certain percentages of meas¬ 
les cases. 

Control measures .—Isolation and quarantine are absolutely 
essential for the control of this disease. Seroprophylaxis, as 
soon as it can be carried on on a large enough scale, may offer 
great aid in the prevention of this disease. At present our 
methods of preventing measles are totally inadequate, even were 
they rigidly enforced, due primarily to the very nature of the 
disease. Rosenau (22) states, “the suppression of measles is 
one of the most difficult problems we have to face, for the reason 
that the disease is one of the most highly contagious of all infec¬ 
tions, and for the further reason that it is most contagious dur¬ 
ing the preemptive stage.” Further investigations it is hoped 
will lead to a better knowledge of this disease upon which a 
practical and definite method of protective immunization may be 
devised. 
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RUBELLA: ROTHELN: GERMAN MEASLES 

Definition .—German measles is a specific, infectious disease 
of a mild nature; it is characterized by a cutaneous rash which 
usually appears without prodromal symptoms. Its mortality, 
if any, is exceedingly low, and in the absence of any demon¬ 
strable causative agent it has been thought to be caused by .a 
filterable virus. 

Bis&ory *—From our knowledge of the history of rubella it is 
believed that German measles probably existed in ancient times 
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and was confused with scarlet fever and rubeola. Vaughan G) 
states that— 

Capable students of the history of epidemiology claim that there is 
some evidence of the recognition of this disease from measles in the 'writ¬ 
ings of Arabian physicians of the ninth and tenth centuries. We are also 
told that in the seventeenth century the learned epidemiologist of Sicily, 
Ingrassias, recognized that occasionally he had to deal with a disease 
resembling measles but to which an attack of measles gave no immunity. 
During the eighteenth and a large part of the nineteenth centuries there 
was much discussion as to the identity or the specificity of rubella and 
rubeola. These terms were used indiscriminately, and it is now quite evi¬ 
dent that they w r ere often transposed by certain authors. 

Vaughan believes that the malignant epidemics attributed to 
rubella by German authors in the eighteenth century were un¬ 
doubtedly epidemics of scarlet fever. The exact date when Ger¬ 
man measles was recognized as a separate and distinct disease 
is not known, although Vaughan states that— 

In 1815 Maton clearly pointed out the difference between scarlatina, 
rubella, and rubeola. Rubella was given a variety of names; in fact, 
nearly every clinician who wrote upon the exanthemata of infancy and 
childhood, for 100 years gave some new name to it. The term rubella 
was suggested by an English physician, Veale, in 1866 and soon found its 
way into the medical dictionaries. The name is especially appropriate, 
being the diminutive of rubeola and expressing at one and the same time 
the slight import of the disease and its relationship to measles; in other 
words, rubella means little or light measles. 

Distribution .—German measles has long been known through¬ 
out Europe and the Americas. No doubt its distribution is lim¬ 
ited solely to the distribution of its natural host, which is man. 

The vims of German measles .—The cause of German measles 
is not known. Tunnicliff (see Measles) has found a streptococ¬ 
cus in measles which is different from the streptococci found 
in rubeola, but so little study has been made of this organism 
and its relation to German measles that only passing mention 
of it may be made at this time. German measles, being of such 
low mortality and of such a mild clinical nature, has received 
very little study from the standpoint of etiology. That rubella 
is a disease distinct from rubeola there can be no doubt. Measles 
gives no immunity to rubella, and in rubella Koplik spots are 
absent. In the absence of a definite etiologic agent and based 
upon the possible filterable nature of the virus of rubeola it is 
also thought that rubella may be due to a filterable virus. 

Incubation period .—The period of incubation in rubella is 
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usually from fourteen to twenty-one days but is subject to great 
variation. 

Symptoms .—Usually there are no prodromal symptoms, al¬ 
though in some cases there may be mild constitutional symptoms 
before the rash appears. As a rule the first sign of the pres¬ 
ence of this disease is the appearance of a rash. The rash is 
usually composed of very small maeulopapules which are pale 
red in color, discrete, and the size of a small pea. The rash 
resembles rubeola in many respects and is subject to variation. 
In some cases the rash is haemorrhagic and may have a “shotty” 
feel to the touch. The temperature usually does not exceed 
101° F. and may fall abruptly as the rash disappears. In some 
cases the temperature may reach 103° F. and catarrhal symp¬ 
toms with sore throat may be present. One of the most constant 
features of rubella is the enlargement of the cervical lymph 
glands. This swelling subsides slowly in most cases without 
suppuration, but in some cases it may persist for long periods 
of time. I have recently seen a case in which the cervical 
adenitis has persisted for nearly two years despite all the treat¬ 
ment to reduce it. Forcheimer(2) has described an enanthem of 
the mucous membrane of the throat in German measles consisting 
of minute, red points appearing upon the uvula and soft palate 
which he believes is characteristic of the disease. According to 
this author these “points” disappear within the first twenty- 
four hours of the disease. 

Duke has attempted to differentiate between two forms of 
German measles, one of which closely resembles scarlet fever. 
This disease is known as “Duke’s disease” or the “fourth dis¬ 
ease.” Opinion is not erystalized upon this matter. 

In some cases there is no desquamation following the disap¬ 
pearance of the rash, while in others it may be fairly marked. 
The mortality in German measles is practically nil; com¬ 
plications are rare and when present are very mild in character. 

Animals susceptible to rubella.—So far as is known man is 
the natural host of the infectious agent of this disease and is 
the only species affected. German measles has not been defi¬ 
nitely produced in animals. 

Immunity .—-One attack of the disease confers a definite im¬ 
munity against subsequent attacks. Rubeola and scarlet fever 
offer no protection against rubella and vice versa. 

PytkolOgy^ The anatomical changes in German measles are 
limited to the skin and the accompanying changes, in the cervical 
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lymph glands. Due to the mild nature of this disease there has 
been a great paucity of material for study, and in general it 
is believed that in uncomplicated cases of German measles the 
pathological changes are so mild that no importance should be 
attached to them. 

Control measures. —According to Vaughan the evidence ap¬ 
pears to favor the idea that German measles is transmitted 
chiefly through fomites. Authors are not agreed as to the 
degree of contagiousness of this disease, although it is generally 
admitted that it is contagious. Isolation is indicated, and in 
general the measures employed for measles should be instituted. 
Vaughan recommends the burning or disinfection of all articles 
with which the patient has been in contact. 
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EPIDEMIC PAROTITIS: MUMPS 

Definition. —Mumps is a specific contagious disease charac¬ 
terized by an inflammation of the salivary glands. The parotid 
gland is usually involved and the submaxillary and sublingual 
glands may also be affected. In some cases the disease involves 
the testes in the male and the ovaries in the female. In some 
cases the first symptoms of the disease may be related to the 
testes. The disease is caused by a filterable virus. 

History. —According to Vaughan (l) this disease has been 
known since the time of Hippocrates, though it was first recog¬ 
nized as a specific disease by Hamilton in Scotland in 1761. In 
discussing the epidemiology of this disease this author states 
that extensive epidemics of mumps occurred in Italy during 
the latter half of the eighteenth century. Mumps is an impor¬ 
tant disease in military organizations. Vaughan states that in 
1918 there were 166,370 cases of mumps in the United States 
Army, and the loss of time caused by this disease has been es¬ 
timated at 2,894,074 days. During the World War there was a 
total of 213,943 cases of mumps in the American Army. Consid¬ 
ering the entire army at home and abroad for the year 1918 
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Vaughan states that 7,766 men were disabled by this disease for 
each day of the year. The total number of deaths for the year 
1918 attributed to this disease was 151, the actual cause of death 
for the most part being a complication by pneumonia. In ci¬ 
vilian life mumps usually occurs between the ages of 5 and 15 
with most cases falling in the age group between 7 and 9 years. 
It is in this period of life, when the child starts to school, that 
he comes in contact with the virus from other cases. In armies 
the disease appears in the age group of 21 to 31 years chiefly. 
In the early history of mumps the disease was confused with 
secondary parotitis and practically nothing was known regarding 
the epidemiological features of the disease. 

Distribution .—Mumps is distributed all over the world, and no 
place or country, it is thought, is ever continuously free from 
the disease. 

The virus of mumps .—In the eighties of the nineteenth century 
various investigators reported bacterial forms in the blood and 
saliva of persons having mumps. Vaughan states that “in 1892 
Laveran and Catrin found in 67 out of 95 cases of mumps 
micrococci resembling those already described. The testicular 
fluid obtained by puncture with a hypodermic needle gave pos¬ 
itive results in 12 out of 16 cases. No inoculation experiments 
were made with these bacteria.” Again, “in 1896 Mecray and 
Walsh found a diplococcus in the discharges from Steno’s 
duct. . . . Granata (1908) for the first time, used filtered saliva 
in animal inoculations.” 

Granata used rabbits in his experiments, and his results are 
regarded as of doubtful significance. In 1913 Nicolle and Con- 
seil, (2) working with filtered saliva from eases of mumps, found 
evidence of the experimental disease in the monkeys which they 
inoculated. These experiments were followed by the work of 
Wollstein(3) in 1918 which placed the filterable nature of this 
virus upon a sound basis. Wollstein inoculated the filtered 
mouth washings of children suffering from mumps directly into 
the parotid glands of cats. Following these inoculations the cats 
exhibited a small rise in temperature within forty-eight hours 
and slight local tenderness which Wollstein thought to be due to 
mechanical injury'. In about seven days after the injection there 
was swelling and tenderness of the parotid and testicles. Wolls¬ 
tein states that “the swelling and pain in the parotid lasted from 
two to five days,, but the testicular swelling rarely subsided 
in less than ten to fourteen days.” There was a gradual in- 
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crease in lecucocytes from the second day following the inocula¬ 
tion. Wollstein says: 

In the third week all the symptoms began to disappear, the leucocytes 
reaching the normal first, the tenderness disappearing at the same time, 
and the fever persisting for another week. While tenderness on palpation 
of the parotids was less marked than that of the testes, and the swelling 
never reached the stage of marked facial asymmetry, the cats manifested 
some degree of discomfort in the inoculated parotid. The appetite was 
only slightly affected and at no period of the experiment did the cats 
appear especially ill . . . the salivary filtrates from patients ill from one 
to three days produced these marked symptoms in the inoculated cats. 
On the sixth day of the disease the effect of the filtrate injection was 
much less marked and inoculation of material obtained from a patient 
nine days or longer after onset of the mumps attack was apparently 
without results. 

Transmission of the experimental disease from cat to cat was 
successful with emulsions made of infected glands and by means 
of the saliva from inoculated cats. 

Regarding the properties of this virus little is known. In view 
of the apparent ease with which cats can be infected -with 
mumps virus it seems that much information on the nature of 
the virus may be obtained by further experiment. 

Incubation period .—The incubation period of mumps may vary 
from three to twenty-five days, and on the average it ranges 
between fourteen and twenty-one days. Experimentally in cats, 
according to Wollstein, it is from six to seven days. 

Symptoms .—Prodromal symptoms consisting of headache, 
anorexia, vomiting, back and leg pains, and fever may in some 
cases precede the local swellings. As a rule both parotids are 
involved and the jaws are painful before actual swelling is 
noted. Usually the swelling begins on one side, the other gland 
becoming involved one or two days later. All degrees of swelling 
may exist depending upon the severity of the case. The sub¬ 
maxillary and sublingual glands may also be involved. The 
salivary secretion is usually diminished, but in some cases there 
may be excessive salivation. The temperature ranges between 
100 and 104° F. Venous congestion leading to hyperaemia of the 
brain with headache and delirium may result. Other complica¬ 
tions such as orchitis, nephritis, deafness, pneumonia, meningi¬ 
tis, endocarditis, and suppuration may occur in some cases. 
However, these are rare. The blood picture in mumps is quite 
characteristic. It consists of a reduction in the polymorpho- 
nuelears and an actual and relative increase in the lymphocytes. 
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Animals susceptible to the mumps virus .—Man appears to be 
the natural host for this virus. Cats can be experimentally- 
infected. The work on rabbits and monkeys is indefinite. 

Immunity .—One attack of the disease confers a definite and 
in most cases a lifelong immunity to subsequent infection with 
this virus. The age incidence of mumps indicates that there is 
very little, if any, natural immunity to the disease. 

Pathology .—The anatomical changes in this disease are found 
principally in the salivary glands. There has been a paucity 
of material for the study of pathological lesions in this disease, 
but it is quite generally known that the salivary glands exhibit 
hyperzemia and oedema, and the walls of the ducts are swollen 
and obstructed. Pyogenic germs may gain entrance and lead to 
abscess and suppuration, but this is rare. Other lesions depend 
upon various complications of the disease. 

Control measures .—Isolation and disinfection are indicated 
as the most efficacious measures for the control of mumps. 
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TRACHOMA: GRANULAR CONJUNCTIVITIS 

Definition .—Trachoma is a specific, contagious disease, char¬ 
acterized by inflammation and hypertrophy of the conjunctiva; 
and by the formation of granules, with subsequent cicatricial 
changes. It is usually of long duration, occurs at all ages, is 
frequently complicated, and may lead to partial or total blind¬ 
ness. It occurs in three forms; namely, the papillary form, the 
granular form, and the mixed form. 

History and distribution .—-Trachoma has been known since 
ancient times. It has long been endemic in Egypt and is thought 
to have been carried to Europe by soldiers during the Napo¬ 
leonic wars. It occurs in Arabia, Belgium, Holland, and Hun¬ 
gary. ^ It is present in Italy and is found to be an important 
affection among the American Indians in sections of the United 
States. It is common among the Russians, Polish Jews, Hun¬ 
garians, Italians, and Irish. It has not been common among the 
negroes. In the Philippines there is a form of follic ula r con¬ 
junctivitis which is endemic among school children in Pan- 
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gasman Province. This is probably not true trachoma, but ex¬ 
tensive investigations into the true nature of this affection have 
not been made. Trachoma seems to have been introduced into 
the Netherlands about 1860 and is thought to have been carried 
to Amsterdam by Polish Jews. In a survey made in 1880 it 
was found that 45 per cent of 2,733 Jewish children were affected. 
By 1901 through periodic examination and control methods this 
percentage had fallen to less than 8 per cent. In China, Japan, 
Egypt, and Russia the disease remains a great public-health 
problem. 

The virus of trachoma .—In 1907 Prowazek and Halberstaed- 
ter(l) described inclusion or trachoma bodies in the conjunctival 
epithelium of cases of trachoma. The exact nature of these bo¬ 
dies remains undetermined. These inclusions consist of eoeeoid 
and minute granular bodies. The coarser coccoid bodies stain 
bluish by the Giemsa method, while the granular forms stain 
reddish. Scrapings from the conjunctiva injected into the eye 
of the orang-utan produced conjunctivitis associated with the 
appearance of similar inclusion bodies. These bodies were re¬ 
garded by these authors as the cause of trachoma. Later the 
same workers found similar inclusions in cases of uncomplicated 
blennorrhosa neonatorum, and their specificity was questioned 
by contemporary investigators. Herzog(2) suggested the theory 
that the gonococcus is transformed into small forms within the 
ephithelial cells and that the so-called trachoma bodies are 
in reality changed gonococci. Williams (3) regarded the inclu¬ 
sion bodies as degenerated forms of the Koch-Weeks bacillus. 
Prowazek regarded the trachoma bodies as protozoan in nature, 
while Noguchi (4) in 1913 claimed to have cultivated these bodies, 
although his attempts to induce trachoma in monkeys (Macacus 
and Papio) with his cultures failed. The exact relation of the 
so-called trachoma bodies to the true etiology of this disease, then, 
has remained undertermined. Because of the uniform presence 
of these inclusions in typical uncomplicated cases of the disease 
and the occurrence of similar bodies in various other diseases 
which are thought to be caused by filterable viruses, and in the 
absence of any other definite etiological agent, the possibility of 
a filterable virus etiology has been suggested for trachoma. Ac¬ 
cording to Rosenau,(5) “experimental evidence permits no more 
than the suspicion that the virus may be filterable under some 
circumstances.” However, fairly convincing evidence has been 
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presented upon this point in the experiments of Bertarelli and 
Cechetto(6) and of Nicolle, Cuenod, and Blaizot.(7) 

Heymann(8) after finding inclusions in cases of gonorrhoeal 
blennorrhcea neonatorum suggested that the so-called inclusion 
bodies were in reality reaction products of the gonococcal virus. 
Simon(9) states: 

A thorough study of this question then led to the interesting discovery 
of the existence of an inclusion blennorrhea as a malady sui generis, which 
primarily affects the genitalia of both male and female and secondarily 
the eyes of the new born. This type of blennorrhea it is now known 
may be associated with a gonococcal infection, as well as with other 
bacterial infections (pneumococci, diphtheria bacilli), but when this occurs 
the processes are independent of each other. 

The discovery of the occurrence of inclusions in connection with blen¬ 
norrhea of this type naturally threw doubt upon the correctness of Pro- 
wazek's view, that the constituent granules making up the inclusions 
found in trachoma actually represented the trachomatous virus. Various 
suggestions have accordingly been made to account for their appearance 
in trachoma, on the one hand, and in inclusion blennorrhea, on the other. 

Linder (10) inoculated two baboons with pure inclusion blen- 
norrhceai material and obtained a clinical and histological picture 
which he states cannot be distinguished from trachoma. Wolf- 
rum (11) inoculated similar material into a human being, and 
there followed the typical picture of trachoma. Simon suggests 
the theory that the inclusion bodies may not be part of the 
picture of trachoma but are found in cases of this disease only 
when both blennorrhoea and trachoma are present in the same 
subject. 

In 1927 Noguchi (12) produced an experimental trachomalike 
condition in monkeys with material obtained from cases of tra¬ 
choma from Indians at the government school for Indians at 
Albuquerque, New Mexico. From this material he cultivated 
upon special media a Gram-negative bacillus which when injected 
into monkeys produced a granular conjunctivitis that “had an 
appearance strikingly like that of the human trachomatous con¬ 
junctiva in the early stages of the disease.” This organism was 
associated with four of the five cases studied, and the con¬ 
junctival disease produced is said by Noguchi to be transmis¬ 
sible in series while the identical microorganism is obtained 
regularly even in the second and the third passage in monkeys. 
None of the other organisms isolated by Noguchi from his ma¬ 
terial was capable of inducing follicular lesions in monkeys 
Material taken direct from patients and injected into monkeys 
aid not produee lesions within four months. 
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This work of Noguchi’s represents an important contribution 
to the knowledge of trachoma as it exists in the American In¬ 
dian but must, of course, await confirmation in other localities. 

Incubation period of trachoma. —Trachoma is a chronic dis¬ 
ease. Its incubation period is not definitely known. The re¬ 
cognition of the disease in its early stages is very difficult, and 
accurate diagnosis usually depends upon changes that appear 
later in the course of the disease. In the experimental form 
of the disease, produced by Noguchi in monkeys, the first changes 
were noted two to four weeks after inoculation with the cultures 
obtained from trachomatous material. 

Symptoms. —There are three forms of granular conjunctivitis; 
namely, papillary, granular, and mixed forms. Regardless of 
the form, there are certain subjective symptoms which may 
be present; such as, photophobia, lachrymation, itching and burn¬ 
ing sensations, feeling of a foreign body, pain, and visual disturb¬ 
ance. In some cases there may be no subjective symptoms. 
The objective symptoms consist of swelling of the lids, narrow¬ 
ing of the palpebral aperture, and dropping of the upper lid. 
There may be a mucopurulent discharge and the conjunctiva of 
the tarsus and fornix is reddened, thickened, and uneven, on 
account of the hypertrophy and the occurrence of granules. 
Trachoma progresses slowly up to a certain point, then is fol¬ 
lowed by the cicatricial stage. The papillse and granules disap¬ 
pear, but the conjunctiva does not return to normal and various 
degrees of scarring remain. The entire surface of the con¬ 
junctiva may be replaced by a cicatricial membrane. 

In some cases the condition is acute and is accompanied by 
marked inflammatory symptoms. Gonococcal infection may be 
associated with true trachoma; and the diagnosis may be difficult, 
especially early in the course of the disease. In other cases the 
symptoms may be so mild and the disease so insidious that it 
may exist for months without recognition. In fairly severe cases 
there may be intermissions and exacerbations, and relapses are 
quite frequent. The disease is frequently complicated by pannus 
and corneal ulceration. The commonest sequete are trichiasis 
and entropion, ectropion, symblepharon, corneal opacities, sta¬ 
phyloma of the cornea, and xerosis. 

Animals susceptible to the virus of trachoma. —Man is the 
natural host for the virus of trachoma. From experimental 
sources it may be said that the evidence points to the possibility 
of infecting monkeys. 
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Immunity .—That there is a definite racial predisposition to 
infection with trachoma is borne out by the studies on the epi¬ 
demiology of this disease. It may be assumed by the same token 
that there exists some degree of racial immunity and, for that 
matter, an individual natural immunity. There is, however, 
no experimental evidence bearing upon this point. Immunity 
has not been produced experimentally. 

Pathology .—In the papillary form a large number of small 
elevations appear upon the conjunctiva giving a velvety appear¬ 
ance, and if the papillse are larger, a granular appearance. This 
form occurs only upon the upper lid. The papillse represent 
the hypertrophied conjunctiva thrown into folds and covered 
by increased epithelium. Within there is a cellular infiltration. 
In the granular form there are grayish, rounded, translucent 
bodies or granules which are seen through the conjunctiva. 
These bodies may be small and round, large and warty, or flat¬ 
tened and succulent. They are principally in the fornix. They 
may also be found upon the semilunar folds and the bulbar 
conjunctiva. These granules represent collections of lymph cor¬ 
puscles in a connective-tissue reticulum, resembling Peyer’s 
patches in the intestines. According to Noguchi the histologic 
changes present in trachoma as it exists in the American Indian 
are as follows: 

The essential features of the lesions in the human disease are (1) diffuse 
infiltration of lymphocytes mingled with plasma cells, extending along the 
entire length of the subepithelial or adenoid layer; (2) the presence of 
fairly well defined follicles, consisting of layers of lymphocytes, enclosing 
a mass of large round or polyhedral epithelioid cells with paler staining 
cytoplasm and nuclei; (3) ill defined foci of mingled lymphocytes and 
large epithelioid cells; (4) the presence of Lebeer cells within the follicle 
and elsewhere; (5) the presence of fine connective tissue fibrils surrounding 
or penetrating the infiltrated or follicular areas, and (6) the proliferation 
of the conjunctival epithelium, which in some places shows several layers 
of flattened cells, and in others is thinned out to a single layer or even 
ruptured by protruding follicles. In older lesions the infiltration and 
follicles have given place to increased numbers of connective tissue fibers 
which bind the epidermized conjunctival epithelium to the often deformed 
tarsus. A few polymorphonuclear leukocytes may be found in the tumid 
epithelial layer, but their presence is not usual. 

„ In the experimental disease produced in monkeys Noguchi 
found 'Similar changes. 

Control measures for trachoma.-^ Trachoma has always been 
associated with poverty and squalor. Unhygienic conditions pre¬ 
dispose to the disease. Early diagnosis of the condition is im¬ 
portant m order to prevent serious sequel®. The secretion from 
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the eyes of trachoma patients is regarded as contagious, and 
the disease may be transmitted by infected handkerchiefs, 
towels, washbasins, etc. Isolation of trachoma cases has been 
advocated, especially during epidemics. In general, early diag¬ 
nosis of the disease coupled with intelligent care and the insti¬ 
tution of strict sanitary measures are indicated. 
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INCLUSION blennorrhcea: inclusion conjunctivitis 

Following the work of Heymann in 1909 (see Trachoma) who 
found in several cases of gonorrhoeal blennorrhcea neonatorum 
inclusions similar to those that had been described in trachoma 
by Prowazek, it appeared that there existed a separate and 
distinct type of blennorrhcea not associated with gonorrhoea 
or trachoma. This type of blennorrhcea primarily affects the 
genitalia of both male and female and secondarily the eyes of 
the new born. While this condition may exist along with a 
gonorrhoeal or other bacterial infection, it is now recognized 
that the processes are independent of each other. The cause 
of this form of blennorrhcea is unknown. Inclusion bodies are 
found within the lesions which suggests a filterable virus ori¬ 
gin for the disease. 

Inflammations of the conjunctiva are of several varieties and 
generally are divided into the following types; Catarrhal 
(acute, chronic, and follicular); purulent (ophthalmia neo¬ 
natorum, and gonorrhoeal); membranous (nondiphtheritic or 
croupous, and diphtheritic); granular (trachoma); and phlycten¬ 
ular. It is well recognized by ophthalmologists that there are 
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cases of ophthalmia neonatorum which are not caused by gono¬ 
coccal infection, and these are believed to be due to infection 
with simple catarrhal (nongonorrhceal) secretion. In 1913 
Cohen (1) reported on the clinical course of conjunctival affec¬ 
tions associated with so-called trachoma bodies which was a 
further study of the cases described in an earlier paper by 
Noguchi and Cohen(2) published in 1911. The original cases 
studied by these authors included nine cases of trachoma repre¬ 
sented by four stages of the disease, six cases of blennorrhoea 
neonatorum nongonorrhoica, and six cases of blennorrhoea gonor- 
rhoiea in young girls. As a result of these cases there were 
a number of other cases infected. There were nineteen new 
cases of trachoma, two new cases of blennorrhoea neonatorum 
(nongonori’hoica), and twenty cases of blennorrhoea gonorrhoica 
in young girls. Inclusion bodies were found in the six cases 
of blennorrhoea neonatorum nongonorrhoica varying from four 
days to two weeks after birth. Cohen states that— 

The clinical course of these cases resembles that of mild cases of Men- 
norrhoea gonorrhoica, which in its earliest stage is characterized by a 
diffuse conjunctival congestion with a mucoid secretion from the conjunc¬ 
tiva. The condition remains for about one week, when the conjunctiva 
assumes a fine papillary appearance, and a few small follicles are seen on 
the upper fold as well as on the lov T er. This appearance lasts about two 
months, when the process regresses simultaneously with the gradual dis¬ 
appearance of the bodies and is followed by a permanent return of the 
conjunctiva to normal in from three to four months. 

In one of Cohen's eases, so-called trachoma bodies were found 
in an affected eye from the mother and these were demonstrated 
at intervals for three months. In his study of thirty cases of 
blennorrhcea gonorrhoica in young girls at Randall’s Island 
Hospital, Cohen was able to demonstrate gonococci and so- 
called trachoma bodies in practically every case. These bodies 
persisted even after the gonococci could no longer be found. 
Likewise in his true trachoma cases Cohen found inclusion 
bodies. 

The interesting feature of this study is the fact that inclusion 
bodies are found in cases of blennorrhoea which are of neither 
trachomatous nor gonorrhoeal origin. These cases are not tra¬ 
choma since they bear no clinical resemblance to trachoma and 
because there is spontaneous cure without sequelae. In Cohen’s 
opinion “where bodies were found in conjunction with gono¬ 
cocci, and in some eases of typical trachoma, these conditions 
are to be interpreted as the result of the disease caused by these 
bodies becoming engrafted on the original affections.” Cohen 
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believes that the term “trachoma bodies” is a misnomer and 
should be discarded. 

While there is nothing known regarding the etiology of this 
condition there has been a tendency to classify inclusion blen- 
norrhcea with the filterable virus diseases. At present there 
is no experimental evidence that it is caused by a filterable virus. 
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VERRUCAS: WARTS 

Verrue (French); Warze (German) 

Difinition. —Verrucas, or warts, represent an epidemic, pap¬ 
illary new growth of which there are three recognized types; 
namely, verruca vulgaris, verruca plana juvenilis, and verruca 
senilis. 

History .—Warts have been recognized since olden times, and 
legends and superstitions have been connected with their ap¬ 
pearance for perhaps centuries. Even to this day there are 
certain peoples who are prone to regard these lesions with va¬ 
rious superstitions. The infectious nature of these growths was 
demonstrated in 1891 when Payne (1) developed w T arts under 
his thumb nail following the removal of warts from one of his 
patients. Lanz(2) reported similar results in 1898. In 1889 
Kuhneman(3) cultivated a bacillus from warts and claimed to 
have reproduced typical lesions in laboratory animals. Variot'A) 
four years later produced warts in one of his assistants following 
the inoculation of blood from small warts. During the next 
year Jadassohn (5) made seventy-four inoculations with wart 
material from which he obtained thirty-one positive results and 
demonstrated that the lesions he produced w r ere typical verrucas 
according to their histologic picture. In these experiments this 
author demonstrated that the incubation period for warts ranges 
from seven weeks to three months. In 1919 Wile and Kingery(6) 
reported their brilliant experiments which proved conclusively 
that warts are due to a filterable virus. 

The virus of verruca .—Wile and Kingery began their ex¬ 
periments on the theory that the infectious agent of warts is 
a filterable virus. In their first paper they point out that 
certain microorganisms are known to give rise to disorders of 
keratinization. Examples of this fact, such as the role of the 
gonococcus in the production of blennorrhagic keratoses, the 
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tubercle bacillus in verruca necrogenica, and the gonococcus in 
the production of condyloma acuminatum, are mentioned. 

Their experiments consisted of the removal of clinical warts 
and grinding this tissue in a small amount of saline after which 
the saline emulsion was filtered through the finest Berkefeld 
filter. In order to obtain the maximum amount of material 
for their experiments the filter candle was almost entirely covered 
with melted paraffin leaving only the top end exposed as a fil¬ 
tering surface. After testing their filtrate for sterility small 
amounts of filtrate were inoculated intradermally into human 
subjects. Part of their material was preserved in glycerin 
to be tested later. In the course of about four weeks small 
wartlike growths appeared in one subject, while a second showed 
lesions one week later, and a third about three weeks later. In 
only one case did a wart reach the size of a large pea. This 
occurred in about eight weeks. In some cases there was a ten¬ 
dency to spontaneous resolution; however, in most cases the 
lesions persisted for at least seven months. The histologic 
studies made upon these new growths were typical of true warts. 
A control which received a filtrate prepared with normal epi¬ 
thelium remained negative. In later experiments the preserved 
material in glycerin was tested in a similar manner, but results 
with this material were negative after nearly six months. 
These authors concluded that “the sterile filtrate of wart ma¬ 
terial injected intracutaneously is capable of producing localized 
hyperkeratoses which are clinically and pathologically identical 
with verruca vulgaris.” 

In 1921 this work was further extended by Kingery(7) when 
he demonstrated that lesions could be produced in the second 
generation from the initial lesions described above. In these 
experiments the incubation period was found to be nearly six 
months. There are no data on the properties of the virus of 
verruca. 

Symptoms .—The lesions of warts are unaccompanied by sub¬ 
jective symptoms. When they first begin to appear they are 
small, flat, shiny areas which increase slowly in size. Later 
the growth may present a distinct papillary surface. At first 
it is the color of the skin, then gradually becomes grayish and 
even grayish black. As a rule there is no pain or itching ex¬ 
cept when inflammation is present. 

Immunity .—There are no data on immunity in this form of 
new growth. While no experimental evidence is available on 
the subjeet, it is generally assumed that there is a natural im- 



39 , 1-4 


McKinley: Filterable Virus Diseases 


91 


munity to the virus which varies greatly in degree. This is 
indicated by the variable period of incubation and the fact that 
most individuals rarely become infected with this virus. 

Pathology. —Histologically warts are characterized by a typi¬ 
cal localized acanthosis. The growths begin as an early hyper¬ 
keratosis which gradually becomes more marked. In the late 
stages there is a proliferation of the papillary tufts -which later 
thicken and dip down. In general all the layers of the epider¬ 
mis are more or less increased in thickness. The granular 
layer in increased, the rete cells are enlarged, and the inter¬ 
cellular spaces are widened. In some cases there is moderate in¬ 
flammation, and round-cell exudate is found in the neighborhood 
of the vessels. All of these changes vary according to the type 
of growth. 

Control measures. —None are indicated. These growths are 
benign. Rarely do they become epitheliomatous. 
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MOLLUSCUM CONTAGIOSUM: EPITHELIOMA 

Molluscum sebaceum; Molluscum epitheliale; Acne varioliformis 

Definition. —Molluscum contagiosum is regarded as a conta¬ 
gious epithelial neoplasm, or new growth, which is characterized 
by small tumors the size of pin-heads or peas, usually the color 
of normal skin but at times pinkish or bright red, with a small 
depressed central opening. These new growths are believed to 
be caused by a filterable virus. 

History. —The term “molluscum,” or “molluscis,” is thought 
to have been first employed by Ludwig <D in 1739 as a synonym 
for “mollis” to indicate certain soft tumors, while others believe 
that the word was used because of the resemblance of certain 
cutaneous tumors to knots on the bark of the maple. The first 
clinical description of this disease was given by Bateman(2) in 
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1817, while Patterson (3) in 1841 studied the secretion from 
molluscum tumors and called attention to the so-called mollus- 
cum corpuscles or bodies. This author believed that these bo¬ 
dies represented nuclei. In 1844 these growths were regarded 
by Engel (4) as enlarged sebaceous glands, a view which was 
concurred in by Rokitansky(5) in 1856. Virchow(6) in 1865 
regarded molluscum tumors as a lobulated glandular epithelioma. 
He believed that the molluscum bodies arose from the hair fol¬ 
licles and likened their appearance to swollen starch bodies and 
fatlike globules, although he thought they were probably the 
result of a degenerative process involving the epithelium. In 
later years Bizzozero and Manfredi(7) contended that these pe¬ 
culiar bodies originated from the protoplasm of the cell; Ret- 
zius(8) affirmed that they were sui generis, that their size pre¬ 
cluded the idea that they could be spores or parasites; Boeck(9) 
stated that the bodies arose from peculiar epidermal cells, a 
metamorphosis of the rete cells, and that according to his chem¬ 
ical tests these cells contained no fat and were not amyloid; 
Lukumsky (io) suggested that the bodies came from cells which 
had invaded the epidermis. In 1878 Vidal (H) advanced the 
idea that the molluscum bodies were the product of colloid 
degeneration. 

Angelucci(i2) in 1881 described a bacterium, Bacterium lepo- 
genum, as the cause of molluscum contagiosum, while Neis- 
ser(i3) the following year claimed that the specific cause of 
the disease was a gregarine. In 1886 this author again stated 
his belief in the parasitic origin of the disease and stated that 
the molluscum bodies were in reality coccidia and related to 
the Sporozoa. Graham, (14) in 1892 described a micrococcus as 
the cause of the disease, while the following year Neisser 
again confirmed his coccidial theory of the origin of the tumors. 
In 1902 White and Robey (16) recapitulated the trend of thought 
on the nature and cause of this disease. They pointed out that 
there are those who believe in the sebaceous origin of the tu¬ 
mors and also those who contend that the tumors originate in 
the rete. Further, that some authors believed in the conta¬ 
giousness of the disease, while others were equally certain that 
it was noncontagious; that one school of thought considered the 
molluscum bodies as evidence of epithelial degeneration, while 
others considered these peculiar bodies as parasites. These 
authors isolated a staphylococcus from molluscum tumors but 
did not consider it of any etiological significance. They con¬ 
cluded by stating that until that time they considered that 
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no one had isolated any parasitic body from the growth and that 
in their opinion the changes produced did not represent a col¬ 
loid of hyaline degeneration but rather a metamorphosis of rete 
cells into keratin. 

In 1909 Knowles (16) found what was apparently Micro¬ 
coccus salivarius in a few eases of the disease but did not claim 
any etiological role for this organism. It was not until 1919 
(nearly one hundred years after the disease was first described) 
that the epical work of Wile and Kingery (17) on the etiology of 
this disease appeared. According to these authors the disease 
is due to a filterable virus. Juliusberg(i8) had suggested this 
possibility in 1905, but the evidence he presented did not sub¬ 
stantiate his claims. In 1923 Clarke (19) described a parasite 
grown from molluscum lesions which he named Plassomyxa 
contagiosa and which he believes to be the cause of this disease. 

The virus of molluscum contagiosum .—Wile and Kingery not 
only demonstrated that the virus of molluscum contagiosum is 
filterable but also succeeded in producing experimentally in hu¬ 
man beings typical tumors with the sterile filtrate of typical 
lesions. These authors further showed that the incubation 
period of the disease varies with the individual’s predisposition 
or susceptibility; in one case it was found to be fourteen days 
while in another it was twenty-five days, and the microscopical 
diagnosis was made at the fifty-fifth day. These authors 
believe that the molluscum body develops late in the stage of 
evolution of the tumor and further that it represents a degene¬ 
rative stage in this evolution. 

Symptoms .—The tumors of molluscum contagiosum are quite 
solid and contain a cheesy material which can be pressed out 
of the growth through the central opening. In some cases the 
tumor mass extrudes this material spontaneously. Usually the 
lesions of molluscum are found on the face, around the eyelids, 
or in the neighborhood of the genitalia, or elsevdiere on the 
body. They rarely occur on the soles of the feet or the palms 
of the hands. Usually there are only few lesions, a few or 
a dozen or more, though in some cases they may be very nu¬ 
merous. They are discrete but in some cases several tumors 
may coalesce. They may become inflamed, or suppurate. In 
some cases there may be severe itching but this is not common. 
The lesions may persist for several months or even years in 
rare cases. While the lesions are usually limited to the skin 
there have been cases reported in which lesions have occurred 
upon the tongue and other mucous membranes. The infection is 
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more frequent in children than in adults and may be transmitted 
by infected towels or gymnasium mats, etc. It is known to be 
transmitted directly from person to person in some instances. 

Animals susceptible to the virus of molluscum contagiosum ,— 
The disease is primarily a disease of man but a similar disease 
has been described in animals, especially in domestic fowls such 
as the pigeon. In a few cases the disease is known to have 
been transmitted from animals to human beings. Dogs and 
pigeons are both said to have transmitted the disease to man. 

Immunity .—Little is known regarding immunity in this dis¬ 
ease. Cases are known to have developed lesions of molluscum 
several times. That there is a natural immunity to the disease 
is indicated in the work of Wile and Kingery, ,who point out 
that there is a difference in the predisposition or susceptibility 
of the individual. From the experimental standpoint no conclu¬ 
sive data are available. 

Pathology .—The tumors of molluscum contagiosum are essen¬ 
tially epithelial neoplasms. They are surrounded by a thin 
fibrous capsule and contain lobules of epithelial cells which are 
separated by thin septa and open upon the surface of the skin 
through a depressed central opening. It has become a gen¬ 
erally accepted view that the tumors arise from the rete since 
the cells on the periphery of the lobules are of the type found 
in the basal layer of the rete. The central oval cells contain 
the so-called molluscum bodies which are regarded by Wile and 
Kingery as a degenerative stage in the evolution of the tumor. 
Lipschiitz has called a minute organism found in the epithelial 
cells Strongyloplasma hominis which conforms to a general 
classification of peculiar bodies described by this author (see 
Introduction). According to modern textbook description three 
kinds of degenerated cells may be observed in these lesions. 
First there are large round bodies which contain an eccentrically 
placed nucleus; then there are oval cells surrounded by normal 
epithelium which contain a nucleus lying at one pole of the 
cell; and finally completely degenerated cells which are oval, 
structureless bodies. The exact nature of the degenerative pro¬ 
cess is still unknown. 

Prevention .—The disease is comparatively trivial and is of 
no great importance either to the individual or to the community. 
While personal hygiene, discouragement of the use of the com- 
mon towel, etc., are indicated, the chief effort should be directed 
to the proper treatment of the disease in order to eliminate 
carriers of the infection. 
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ILLUSTRATIONS 
Plate 5 

Varicella. (After Hartzell.) 

Plate 6 

Herpes zoster arsenicalis-lichen planus. Patient had a lichen planus shown 
on the flexor surface of the wrist, for which he had been taking 
Fowler's solution. (After Hartzell.) 

Plate 7 

Fig. 1. Measles. (From Hartzell; after Pfaundler and Schlossman.) 

2. Granulated conjunctive in trachoma. (After May.) 

3. Verrucse digitate, (From Hartzell.) 

Plate 8 

Fig. 1. Verruca plana juvenilis. (After Ormsby.) 

2. Molluscum conta'giosuni. (After Ormsby.) 



Chapter IV 


FILTERABLE VIRUS DISEASES OF MAN AND ANIMALS 

(Continued) 

rabies: hydrophobia 

Canine madness; Wutkrankheit, Tollwut (German) ; La rage 
(French); Rabbia (Italian) 

Definition —Rabies is an acute, rapidly fatal infection of the 
central nervous system. It is highly specific and a disease 
primarily of animals. It is transmitted directly from one 
animal to another, usually through a wound produced by biting. 
It is most prevalent among Carnivora but is infectious for 
nearly all Mammalia. Rabies is communicated to man from 
lower animals by means of infectious saliva introduced into the 
tissues through a biting wound or through small abrasions in 
the skin of the host. The disease in man is most commonly 
transmitted by dogs. 

History .—Although the actual virus of rabies has not been 
demonstrated in the saliva of infected dogs, it was demonstrated 
by Zinke as early as 1804 that the saliva of rabid dogs; is in¬ 
fectious. Seventy-five years elapsed after this discovery before 
Galtier(i) was able to show that the disease could be transmit¬ 
ted to rabbits through artificial inoculation (1879). In 1881, 
Pasteur(2) with Chamberland and Roux found that the virus 
has a special affinity for the central nervous system. The work 
that followed this discovery by Pasteur and his collaborators 
from 1881 to 1888 will remain forever a classical achievement in 
the science of modem medicine. During these years the method 
of immunization now in general use through the world was 
perfected by Pasteur, Roux, Chamberland, and Thuillier. (3) 
The story of this magnificent contribution to medical science is 
beautifully portrayed in mosaic in the tomb of Pasteup at 
the Institute Pasteur which stands as a monument to his bril¬ 
liant work. It was not until 1908 that Renlinger(4) demon¬ 
strated the filterability of the rabies virus. This was confirmed 
in 1904 by Berterelli and Volpino(5) and later in 1918 in the 
' 96 
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United States by Poor and Steinhardt.(6) Negri, (7) an Italian 
of Pavia, Italy, described in 1903 bodies found in the cells of 
the central nervous system. These bodies, which now bear his 
name, are found especially in the large ganglion cells of the 
hippocampus major and in the Purkinje cells. Negri’s work 
has been amply confirmed by Volpino,(8) Da Mato, (9) Berte- 
relli,(iO) Bocs,(n) Poor, (12) and other investigators. In 1918 
Noguchi reported the cultivation of Negri bodies, but his work 
has not been confirmed. 

Distribution of the disease .—Rabies exists practically all over 
the world. It is commonest in France, Belgium, Russia, certain 
parts of the United States, and in the Philippine Islands. It 
is said never to have been present in Australia, and for more than 
fifty years has not been known in Denmark, Sweden, and Nor¬ 
way. Rabies was eradicated from England until the World War 
and then reappeared. It is said to have been reintroduced by 
dogs carried in aeroplanes. One of the largest rabies clinics 
known to the author is in the Philippine Islands, where there is 
a daily clinic at the Bureau of Science of about sixty patients 
reporting for immunization. 

Incubation period .—There is no disease in which the incu¬ 
bation period varies more markedly. The usual period of incu¬ 
bation is from two to eight weeks, although cases are on record 
in which symptoms did not develop until two years had elapsed. 
Various explanations have been advanced to explain the latency 
of the virus in the tissues. The most plausable theory perhaps 
is the time required for the virus to travel up the axis cylinder 
of the nerve trunk to the central nervous system. Favorable 
conditions may not exist for the multiplication of the virus at 
the time of infection and the virus remains dormant though 
alive, awaiting optimum environment. Though purely theo¬ 
retical this concept has its adherents. The incubation period in 
animals varies also, with the amount and the virulence of the 
•virus, with the extent and type of the wound, and particularly 
with the location of the wound in relation to its nerve 
supply. The average incubation period for various animals is 
usually given as follows: Man, thirteen to sixty days; dogs, ten 
to forty days; cows, twenty-eight to fifty-six days; goats and 
sheep, twenty to twenty-eight days; pigs, ten to twenty-one 
days. For birds the incubation period varies from fourteen to 
forty days. 

342402 - 7 
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Symtoms of the disease .—Generally speaking, in dogs the first 
symptoms of the disease appear two to eight weeks after the 
wound. During the first stage of the disease (stadium pro- 
dromorum or melancholicum) there may be so little manifesta¬ 
tion of symptoms that the condition is entirely unsuspected. The 
infected animal may be somewhat irritable and depressed, ca¬ 
pricious, or may avoid all noise and activity and hide away in 
some dark place. On the other hand the animal may appear 
mildly excited, moving from one place to another, scratch with 
the fore feet, and without cause bark and bite at the air. 
Strange persons provoke growling and snapping, and slight sti¬ 
muli often cause the animal to become startled or jump up 
frightened. One may observe during these paroxysms dilation 
of the pupils and slight respiratory disturbances. About this 
time the animal loses his appetite and later refuses all food. 
Difficulty in swallowing is quite characteristic, and although the 
animal seeks water he is able to swallow very little of it. By 
this time salivation becomes manifest and increases. Sexual de¬ 
sire is increased, and licking of the genitals is quite common. 
Within one to three days after onset of symptoms the animal 
passes into the excitable stage (stadium excitationis or acmes). 
The animal wants freedom, to be away from his usual surround¬ 
ings. He will lick the ground, chew any object, and develop 
a violent rage. Once loose the animal runs aimlessly, often 
covering long distances and attacking people and animals along 
the way. The eyes are bloodshot. When fighting with other 
animals the infected dog remains quiet though the normal 
animal howls and barks. Infected dogs when caged remain 
quiet but develop a violent rage when teased. Frequently their 
teeth are broken in grabbing the bars of the cage and attack¬ 
ing objects with which they are teased. Such animals have 
been known to bite a red-hot iron or burning coal. Stages of 
exhaustion follow such attacks, and the animal falls down in 
unconsciousness for indefinite periods. About this time’ the 
early symptoms of paralysis appear. The larynx may first be¬ 
come paralyzed as evidenced by the peculiar hoarse bark. 
Swallowing becomes very difficult as the inflammation increases, 
and later there is degeneration of the eleventh and the twelfth 
pair of nerves. The animal refuses all food and drink and the 
sight of water may provoke an attack, hence the term hy¬ 
drophobia. Circus movements have been noted in this stage. 
The paralysis gradually progresses and involves other parts of 
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the body. The jaw muscles become paralyzed, the tongue 
hangs out, and saliva flows from the mouth in copious quantities. 
The eyes are dull and the pupils dilated, and the face has a 
peculiar cunning and troubled expression. Gradually as the 
paralysis spreads the animal becomes emaciated, the exhaustion 
increases, and the patient dies in convulsions. During the ex¬ 
citable stage the temperature rises one to three degrees, but later 
during the paralytic stage the temperature is usually below 
normal. The pulse is rapid according to Blaine. (13) Courmont 
and Lesieur(i4) found that the polymorphonuclear leucocytes 
are gradually increased in the blood to the end of the disease. 
MocardG5) states that the urine usually contains sugar. 

While this description of the course of the disease in dogs 
may often be somewhat modified, the same course with slight 
modifications is seen in other infected animals; such as, cats, 
horses, cattle, sheep, goats, and swine. The disease has a 
course of from four to seven days but may last from eleven 
to thirteen days or in exceptional cases even longer. Artifi¬ 
cially infected dogs have been known to recover from the dis¬ 
ease, but generally speaking with few exceptions the disease 
is fatal (Pasteur). Cases where dogs were still alive after 
persons bitten by them had already died from rabies have been 
reported by Talko and Johne.(l6) Of the untreated persons 
bitten by rabid dogs, about 16 to 20 per cent die of rabies. Ac¬ 
cording to Babes (17) 60 to 90 per cent die after bites of wolves. 
In human beings the symptoms of rabies are characterized first 
by depression, itching in and around the wound, and fever. 
Soon the patient becomes uneasy, respiratory irregularities de¬ 
velop, swallowing becomes difficult, and there is a distinct aver¬ 
sion for all liquids. Salivation becomes increased, and with the 
increased reflex excitability that develops attacks of delirium 
appear. Finally paralysis begins to appear, first involving the 
muscles of the face, eyes, and tongue; gradually involving the 
trunk and limbs. 

Animals susceptible to rabies .—All mammals are susceptible. 
Birds have been known to contract the disease. Rabies is com¬ 
mon in dogs, wolves, jackals, foxes, and hyenas. According to 
Rosenau(l8) the disease is comparatively rare in cats and 
skunks, . The author, however, has seen in Texas an epidemic 
of rabies in cats which was rather extensive. The disease 
is considered to be much less frequent in cattle, horses, swine, 



39 , 1-4 


McKinley: Filterable Virus Diseases 


101 


goats, and sheep, but it does occur with symptoms quite similar 
to those found in the dog. Rabies can be transmitted to guinea 
pigs and rats. Infected birds not infrequently recover, but in 
those in which the disease is fatal only two or three days elapse 
between the first symptoms and the development of paralysis 
and death. 

The virus of rabies .—That the filterability of the virus of 
rabies is beyond question has been amply demonstrated by Rem- 
blinger and confirmed by Eerterelli and Volpino, by Poor and 
Steinhardt, and by others. The virus may appear in the saliva 
five days before the animal shows symptoms and has been dem¬ 
onstrated in the saliva of recovered dogs twenty days later. 
The virus is found in the tear glands, adrenals, pancreas, sper¬ 
matic fluid, vitreous humor, urine, lymph, milk, spinal fluid, 
ventricular fluids, and occasionally in the blood. It is distrib¬ 
uted throughout the central nervous system and in the pe¬ 
ripheral nerves supplying affected parts of the body. 

The virus of rabies is supposed to have been cultivated by 
Noguchi in 1913.(19) Noguchi placed small pieces of brain 
tissue from rabid animals with pieces of kidney of healthy rab¬ 
bits into ascitic fluid. After incubation at 37° C. and after 
several generations, he found minute pleomorphic bodies which 
stained red with Giemsa’s method. Inoculation of this ma¬ 
terial into susceptible rabbits produced typical rabies. These 
experiments have not been confirmed by other investigators. 
Volpius,(20) as well as Kraus, (21) has observed similar bodies 
in sterile ascitic fluid and concludes that they are identical with 
lipoid droplets. The experiments of Pfeiler and Klump,(22) 
•who described the cultivation of rabies virus in peptone con¬ 
taining Martin’s broth, have not been confirmed. 

Resistance of the virus .—The virus in nerve tissue, when pro¬ 
tected from light and dried at 20 to 22° C. dies in from five to 
eight days. It is destroyed by sunlight in about forty hours 
when exposed on glass slides in thin layers. It is quite re¬ 
sistant to putrefaction. Glycerin preserves the virus. The 
virus is resistant to freezing but is destroyed when exposed to 
60° C. for one-half hour. Five per cent phenol destroys the 
virus in about seven days, though it resists 0.5 per cent phenol. 
Gumming (23) has shown that the virus is destroyed in about 
three hours by various aldehyde compounds. The virus is de¬ 
stroyed by 0.08 per cent formaldehyde within two hours, and 
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by a 1:1000 solution of bichloride of mercury or iodine within 
one hour. 

Pathology (cell inclusions; Negri bodies) .—At autopsy, in car¬ 
nivorous animals, the stomach may be found contracted and 
empty, or filled with foreign substances; such as, straw, hay, 
sand, pieces of wood, stones, bones, hair, leather, and feathers. 
The mucous membrane of the stomach is congested and the rugae 
show haemorrhages and erosions. Foreign bodies may also be 
found in the oesophagus or the intestines. There may also be 
present a catarrhal inflammation of the respiratory organs, 
hypersemia of the salivary glands, the liver, the spleen, and the 
kidneys, and an oedematous inflammation of the meninges and 
of the gray matter of the brain. Schaffer (24) recently studied 
the changes in the central nervous system in six cases of hy¬ 
drophobia in man. He found cellular infiltration with either 
capillary or large haemorrhages in the segment of the spinal 
cord where the nerves coming from the place of infection enter, 
in the perivascular lymph spaces, in the walls of the vessels 
of the gray matter of the anterior horn, in the vicinity of the 
central canal, and also along the connective-tissue trabeculae 
of the white substance. In the nerve cells he found fibrillation, 
hyaline and vacuolar degeneration, granular disintegration, and 
pigmentation atrophy of the cellular bodies. In the medulla, 
below the floor of the fourth ventricle and around the origin 
of the twelfth, the tenth, and the seventh pair of nerves, 
there were found hypersemia, perivascular cell infiltration, and 
small haemorrhages. The nerve cells showed signs of degener¬ 
ation. Slight hypersemia and cellular infiltration were found 
in the brain. Csokor and Dexler(25) attach great importance 
to small foci of inflammation in the brain and to the perivascular 
cellular infiltration, but Trolldenier found that these lesions are 
absent in about 60 per cent of cases and that they may also 
be found in the nervous system of dogs suffering from dis¬ 
temper. Elsenberg and Kossjokow have demonstrated cellular 
infiltration of the interacinous connective tissue as well as 
granular fatty degeneration of the glandular cells of the sal¬ 
ivary glands. 

The most constant finding in the central nervous system is 
the presence of Negri bodies. Negri described these bodies in 
1903 as small, round, oval, or three-cornered inclusions, meas¬ 
uring about 1 to 27 microns in length and 1.5 to 5 microns in 
width. These bodies contain in their interior very small, re- 
fractile, and sharply outlined granules. Volpino(26) described 



39,1 


McKinley: Filterable Virus Diseases 


103 


these bodies as consisting of a hyaline ground substance in 
which sometimes very small marginal, and, at other times, 
larger central formations seem to be embedded, which contain 
very fine ring-, rod-, or dumb-bell-shaped inclosures. 

Stained by the Giemsa method these bodies are light blue 
in contrast to the darker and more violet cell bodies. Other 
methods of staining are according to the methods of Mann, Van 
Gieson, and a modification of the latter’s method by Williams 
and Lowden.(27) By the Mann method the nerve ceils are 
stained pale blue and in their cytoplasm the small oval bodies 
are found stained deep pink. Sections of tissue after fixation* 
are, according to the Mann method, stained for from twelve 
to twenty-four hours in a solution prepared as follows: 

Cubic centimeters. 

Methylene blue (Griibier 00), 1 per cent . 85 

Eosin (Griibier BA), 1 per cent 85 

Distilled water 100 

Differentiation is then made in: 

Absolute alcohol 30 

Sodium hydrate, 1 per cent in absolute alcohol 5 

A rapid method for demonstrating Negri bodies in smears of 
brain tissue is very convenient for diagnosis. Van Gieson (28) 
recommends the following procedure: A pinhead-sized piece of 
tissue taken from the hippocampus major is placed upon a clean 
glass slide. A second slide is placed over the first and the two 
pressed firmly together until the tissue is flattened out into a 
thin layer. The two slides are then drawn apart in a sliding 
motion which further distributes and thins out the material 
into very thin smears. After fixation in methyl alcohol the 
smears may be stained by the Giemsa method or by the method 
recommended by Van Gieson as follows: 

Distilled water, eubie centimeters 10 

Saturated alcoholic solution of rosanilin violet, drops 2 

Saturated aqueous solution of methylene blue, drop 1 

This method demonstrates the inner structure of the Negri 
bodies besides giving excellent contrast. 

The assumption that Negri bodies represent products of 
degeneration seems to be in error when one considers their com¬ 
plicated structure and the fact that they are specific for rabies. 

* Fixation of a small piece of tissue usually taken from the center of 
the hippocampus major (cornu ammonis) is carried out in Zenker’s fluid 
for about twelve hours prior to dehydration and embedding in paraffin. 
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However, there is just doubt as to their parasitic nature. Negri 
bodies are generally lacking in the initial stages of the disease 
and in animals infected experimentally with fixed virus. It is 
possible, however, that the virus consists of extremely minute 
bodies of this nature which are invisible ordinarily and only 
develop within the central nervous system of infected animals. 

In 1906 Williams and Lowden(29) described certain cyclic 
changes in Negri bodies and concluded that they were a type of 
sporozoa and the actual cause of the disease. These authors 
suggested the name Neurocytes hydrophobise for these struc¬ 
tures. During the same year Calkins (30) supported these con¬ 
clusions. This concept was further substantiated by Kelser(3l) 
in his work published in 1924. 

Negri (32) has described a stage in the evolution of these 
bodies where the formations contain a nucleus of homogeneous 
substance which breaks up into very minute chromatin gra¬ 
nules. In this way small corpuscles are formed which later 
grow into new independent bodies. Koch and Rissling(33) and 
Babes (34) have described coccilike formations about 1 micron 
in size surrounded by a light capsule in sections of the cornu 
ammonis and in the degenerated ganglion cells. These findings 
lend weight to Negri’s concept. Prowazek(35) considers the 
capsulated small formations as protozoans and classifies them 
with his group “Chlamydozoa.” The true nature and signifi¬ 
cance of these bodies will await further experimentation, though 
the protozoan theory is apparently gaining more and more 
ground as new facts are being brought to light. 

Immunity .—That there is a certain degree of natural im¬ 
munity to rabies in some animals is well known. Even in 
markedly susceptilbe animals such as the dog there has appeared 
some evidence of immunity. It is a well-recognized fact that 
once symptoms of the disease have developed it is impossible by 
treatment to alter the fatal course of the disease. Yet 
Galtier(36) observed intermittent rabies in two dogs, and 
Lignieres (37) in one dog. After the first attack a marked im¬ 
provement followed, in thirty-six, twenty-seven, and twenty- 
eight days, respectively; however, an aggravation with fatal 
termination resulted. Recovery of dogs from rabies has already 
been, noted. There also seems to exist some degree of immunity 
in man against the virus of rabies as evidenced by the fact that 
of all persons bitten by rabid dogs, only 16 to 20 per cent of cases 
not receiving any protective treatment die of the disease. 
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In genera], however, considering the susceptible forms of 
life it may be said that comparatively little immunity exists, 
and protective immunization in inoculated cases, whether man or 
animals, is highly important. 


Table 4. —The treatment of rabies at the Neiv York Department of Health. 
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According to Horowitz-Wiassowa(38) the serum of rabies- 
infected or immunized rabbits gives fixation with the rabies 
virus (fixed as well as street). Fixation was not obtained with 
the serum of persons subjected to preventive treatment against 
rabies. Kraus and Miehalka(39) suggest the use of boiled an¬ 
tigens (Koktoantigens) in tests in cases of suspected rabies. 
The same authors (40) find that the complement-fixation re¬ 
action, using both Koktoantigen and glycerol extract of the brain 
of rabbits infected with rabies, together with immune serums, 
is as specific as it has been with other filterable viruses reported 
by Kraus, Takaki, and others. According to Nedrigailoff and 
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Sawtschenko<4i) the serums of men and animals that die of ra¬ 
bies give a specific reaction with an antigen prepared from the 
salivary glands of a rabid animal. 

Artificial immunization can be carried out according to sev¬ 
eral methods, details of which can be found in standard texts 
on hygiene and bacteriology. Those that have been used are 
as follows: 

1. Protective vaccination with dried substance of spinal cord. Pas¬ 

teur’s method. 

2. Protective vaccination with diluted virus. Hogyes’s method. 

3. Protective vaccination with desiecated-at-low-temperature virus. 

Harris’s method. 

4. Protective vaccination with dialyzed virus. Cuming’s method. 

5. Protective vaccination by intravenous injection of cerebral substance 

(for animals). Galtier’s method. (Considered unsatisfactory.) 

6. Serum immunization and vaccination. Babes and Lepp’s method. 

7. Protective vaccination with phenol-glycerinized virus. Umeno and 

Doi’s method. 

Of all the methods of protective vaccination mentioned above 
the Pasteur method is still in most general use throughout the 
world. There are many modifications of this method, but the 
fundamentals rest upon the original Pasteur method. It is im¬ 
possible to compare results with the various methods cited 
although each method has its adherents. 

Artificial immunity appears in about two weeks after treat¬ 
ment and lasts for a varying period of time. In general it is 
thought that immunity conferred in this way lasts about a year, 
although it is known that in some cases protection fails entirely 
and a small percentage of treated eases die of rabies. The im¬ 
munity produced is not of the nature of an antitoxin. The 
serum of an immunized animal is verucidal for the virus of 
rabies in vitro, the immune bodies appearing in the blood about 
twenty days following the last injection of vaccine. 

Control of rabies .—Various control measures are advocated to 
keep this disease within bounds or totally to eradicate it. These 
measures are discussed in detail in standard texts on preventive 
medicine. In general they consist of laws regulating impor¬ 
tation of dogs, muzzling, quarantine, licensing, education and 
responsibility, and immunization. While protective vaccination 
of dogs (the most important reservoir of the virus of rabies) is 
just now becoming general throughout the world, this measure 
bids fair to alter most favorably the picture of the disease as a 
public-health problem. 
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PSEUDORABIES: INFECTIOUS BULBAR PARALYSIS 

Definition. —Infectious bulbar paralysis, or pseudorabies, is 
an acute infection of the central nervous system of dogs, 
cats, and cattle which is characterized by paralysis of the 
pharynx and marked painful pruritis on various parts of the 
body. Unlike rabies proper the virus is absent from the saliva 
but present in the blood stream. The disease is highly fatal, 
death of affected animals resulting within thirty-six to fifty hours 
after infection takes place. 

History. —Aujeszky(i) in 1902 first observed this disease in 
rabbits following the injection of medullary substance from a 
cow and a dog both of which had died with symptoms suspicious 
of rabies. Marek(2) found this condition to be present in one 
hundred eighteen cats and twenty-nine dogs in a clinic at 
Budapest from 1902 to 1908. The disease is said to have been 
observed in certain parts of Brazil, where it is known as “peste 
de cocar” (itch plague); it has been seen in Russia and possibly 
in Germany. 

Distribution. —Infectious bulbar paralysis has been present 
chiefly in Hungary but has been reported in Brazil, in the 
Dorogobusch district of Russia, and possibly only once by 
Bass (3) in Germany. 

Incubation period. —The incubation period in infectious bul¬ 
bar paralysis varies from twenty hours to ten days following 
artificial infection. Usually following inoculation rabbits die 
within twelve to thirty-six hours. The nature and mode of the 
natural infection are little known. 

Symptoms .—The symptoms of infectious bulbar paralysis are 
described by Hutyra and Marek as follows: 

Dogs and cats become apathetic, change their resting places often and 
sit crouched up; cats meow and yawn, sometimes painfully. There is 
profuse salivation; inappetence is present from the onset of the disease 
with frequent vomiting, and constant symptoms of paralysis. In about 
half of the cases the patients manifest severe itching on any part of 
the head, which they scratch with the fore paws, or rub against some 
object, sometimes so severely that inside of several hours extensive abra¬ 
sions or even deeper injuries result. In other cases this symptom is absent, 
but the groaning or painful meowing indicates that the animals are in 
pain. With rare exceptions the examination of the nervous system shows 
paralysis: of the pharynx and pruritus, also an uneven dilation of the pupils 
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associated with a first increased reflex irritability, later diminished pupil¬ 
lary reflex, muscular sensibility, and superficial and deep reflexes. In most 
eases periodical twitching may be observed in the flexor muscles of the 
head and neck, sometimes also the muscles of the lip. The respiration 
is markedly labored, the temperature is normal or only slightly elevated 
and the patients succumb almost exclusively inside of 24 to 36 hours. In 
cattle a persistent rubbing of the muzzle or of other parts of the face is 
observed, which results in more or less extensive bloody areas, denuded 
of hair and surrounded by edematous swellings. At the same time the 
animals bellow loudly, and kick spasmodically with their hind legs. In 
the meantime a pronounced swelling and weakness of the hind quarters 
develop while the appetite is for a time normal. Finally the disease ter¬ 
minates in death after 12 to 36 hours. 

Symptomatically then the disease is quite different from ra¬ 
bies proper. 

Animals susceptible to the virus of pseudorabies .—Besides 
cattle, dogs, and cats, which are all markedly susceptible, the dis¬ 
ease may be produced in laboratory animals such as rabbits, 
guinea pigs, rats, and mice. Sheep are easily infected, while 
the ass is less susceptible, and horses can be infected only with 
difficulty. Fowls are not susceptible. In man the infection, ac¬ 
cording to Ratz,<4) causes only a local inflammatory swelling 
which persists for several days, then disappears. 

The virus of pseudorabies .—The virus is present in the tis¬ 
sue fluids at the point of inoculation, in the blood stream, and 
in the central nervous system. It is not present in the saliva, 
bile, or urine. One one-thousandth cubic centimeter of blood 
from an affected animal is sufficient to induce the infection in a 
susceptible animal. The virus is filterable through coarse por¬ 
celain filters which retain bacteria. All attempts to cultivate 
the virus have failed. The virus is preserved in 50 per cent 
glycerin as are many of the filterable viruses. It is rendered 
avirulent by drying from three to sis days. Heating at from 55 
to 60° C. destroys the virus in about thirty-five minutes, while 
80° C. destroys it within three minutes. The virus is also de¬ 
stroyed within a few minutes by 0.5 per cent hydrochloric acid, 
by 1 per cent corrosive sublimate, or by 5 per cent phenol 
(Sehmiedhoffer(5)). According to Zwick and Zeller(6) the 
virus is destroyed by decomposition in eleven days at the longest. 

The disease may be produced artificially in cats, dogs, and 
rodents by feeding infected tissue. The possibility that do¬ 
mestic animals may be infected by diseased rats or mice has 
been suggested by Hutyra, while Kolonits(i) has suggested the 
possibility that the disease is transmitted by the spines of 
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plants and rough fodder that have been contaminated by an 
infected animal. 

Immunity.— Little is known regarding immunity in pseudo¬ 
rabies. The disease is practically 100 per cent fatal, although 
recovery in a cat has been observed. (Hutyra and Marek.) 

Pathology. —Autopsy of animals dead of the disease reveals 
hyperemia and small haemorrhagic extravasations in the me¬ 
ninges. There are also found inflammatory lesions in the parts 
of the body that were painful and pruritic during the life of 
the animal. 
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HERPES SIMPLEX 

Fever blisters; Herpes (French);, Blaschenflechte (German) 

Definition. —Herpes simplex is an acute eruptive disease of 
the skin and the mucous membranes, and usually occurs upon 
the face and genitalia. It is characterized by a vesicular 
eruption, the vesicles appearing in groups upon a mild inflam¬ 
matory base, and accompanied by sensations of heat and burning. 
The disease is caused by a filterable virus, the manifestations 
of which are influenced by a number of factors; such as, local 
irritation, exposure to the sun’s rays, drafts of cold air, trauma¬ 
tism, and various constitutional and infectious diseases. Herpes 
is designated, according to location and conditions under which 
it occurs, as herpes febrilis, herpes labialis, cold sores, herpes 
genitalis, herpes preputialis, and generalized herpes. 

Occurrence of herpes. —This disease has been known since 
ancient times. It occurs in connection with a number of in¬ 
fectious diseases. According to various dermatologists the dis¬ 
ease is said to be present in about 40 per cent of cases suffering 
with cerebrospinal meningitis, lobar pneumonia, and malaria; 
in about 6 per cent of scarlet-fever patients; 6 per cent of in¬ 
fluenza cases; 5 per cent of typhus cases; and in a comparatively 
small number of patients having diphtheria, typhoid fever, re¬ 
lapsing fever, and smallpox. The affection is common in pro- 
stitutes and according to Unna it occurs, in Hamburg, , in about 
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25 per cent of these women. The disease frequently manifests 
itself in women about the time of the menstrual period. It 
occurs in connection with the acute coryzas and various gastric 
and intestinal conditions. Focal infections in the mouth may 
also be accompanied with herpetic lesions. In other cases her¬ 
pes has apparently been related to the ingestion of certain foods. 
In many individuals the affection tends to be recurrent and the 
lesions may appear in the same area over a long period of time. 
These recurrent lesions are particularly noted upon the face, 
about the buttocks, and upon the genitalia. 

Symptoms .— Herpes may involve any part of the cutaneous 
surface but is more commonly found on the face and about the 
genitalia. The affection is self-limited and usually terminates 
within a week or ten days. More often the lesions are few 
and localized, but occasional generalized distribution occurs. 
Mild constitutional symptoms may be present, and the part af¬ 
fected is subject to sensations of heat and burning. There may 
be present some slight elevation in temperature, and chilliness, 
and on this account the disease is frequently referred to as 
“fever blisters.” In few cases the lesions appear upon the 
mucous membranes of the tongue, cheek, pharynx, and larynx. 
Occassionally the vesicular patches are fairly large, and may 
coalesce, becoming cloudy and purulent. After a few days the 
vesicles dry and yellowish crusts are formed which drop off 
within a short time leaving a brownish red stain -which soon 
disappears. 

Epidemics of herpes have been reported by Savage(l) and by 
Seaton. (2) Both of these epidemics occurred in schools for 
boys and the cases -were characterized by sudden onset, ele¬ 
vation of temperature, chills, headache, nausea and vomiting, 
and herpetic eruption chiefly on the lips and other parts of 
the face. The occurrence of the disease in epidemic form is 
strong indication that the disease is caused by an infectious 
agent. 

The virus .—In 1913 Gruter(3) demonstrated that the inocu¬ 
lation of the rabbit’s cornea with scrapings from lesions of den¬ 
dritic keratitis produces in rabbits an inflammatory process 
which is transmissible from animal to animal. This observation 
was confirmed latter by both Lowenstein (4) and by Luger and 
Lauda,(5) and these authors further demonstrated that pre¬ 
cisely the same process can be induced in rabbits by inoculating 
the rabbit’s cornea with the fluid from herpes vesicles. Lowen- 
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stein believed that the infectious agent existing in the fluid of 
the herpes vesicle is filterable, and this belief was fully es¬ 
tablished in the later work of Luger and Lauda, Blanc and 
Caminopetros,(6) and Levaditi, Harvier, and Nicolau.U) 

Lipschutz(8) in 1921 was the first to demonstrate cell in¬ 
clusions in the lesions of herpes simplex, herpes genitalis, and 
herpes zoster. These inclusions are without doubt specific as 
indicated by the fact that they are also found in the epithelial 
cells of the inoculated rabbit’s cornea. These bodies are found 
only in the actual seat of the lesion, and in herpes simplex 
(febrilis) and herpes genitalis they have been found to appear 
in serial inoculations. Unlike most of the intracellular' inclu¬ 
sions described in connection with other filterable virus diseases, 
the inclusions in herpes are found almost exclusively within the 
nucleus and not in the cytoplasm of the cell. 

More will be said of the inclusion bodies in Chapter XVII. 
For the present we may state that the exact nature of these 
bodies is unknown. However, it is well known that such bodies 
are frequently met with in connection with several of the dis¬ 
eases caused by agents of the filterable virus group, and their 
presence is now considered as prima-facie evidence of the activity 
of a filterable virus. Indeed, in the case of the virus of herpes 
simplex and of herpes genitalis, the filterability of the viruses 
has been demonstrated. 

As indicated before there are many other factors which ap¬ 
parently contribute to the development of herpes lesions. It is 
well known that in certain individuals herpes has never occurred 
during an entire life time. It is evident from the beginning, 
then, that there exist varying degrees of susceptibility and 
resistance to this disease. Irritation, trauma, diet, emo¬ 
tional disturbances, and infectious diseases (for example, men¬ 
ingitis, pneumonia, and malaria) may all contribute to the 
development of the disease. In certain men the simple act of 
coitus is sufficient to bring on an attack of the affection. Its 
occurrence in prostitutes and in women about the time of the 
menstrual period has already been mentioned. We suggest that 
all of these influences are only contributing in nature and none 
of them, is related to the real cause of the disease. Herpes is 
an infectious disease, caused by a filterable virus. The virus 
of herpes is apparently widely distributed. Similar viruses 
have been isolated from the saliva and from the nasal secre¬ 
tions. Presumably there are untold numbers of healthy 
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carriers of the virus. The extraneous factors mentioned 
above may contribute to the development of lesions by the 
herpes virus already present, latent in the individual, by 
lowering the general resistance of the individual to the virus. 
We have suggested this concept in another publication. (9) 

Goodpasture and Teague (to) have shown that the virus of 
herpes passes up the axis cylinder of the nerve from its point of 
entrance to the spinal ganglia and the central nervous system 
in rabbits. It has, of course, been known for years through 
the work of Howard (H) and Mallory and Wright(12) that de¬ 
generative and inflammatory changes are present in the gan¬ 
glionic centers supplying areas upon the face affected by herpes 
in cases occurring with pneumonia and cerebrospinal meningitis. 

It appears then that the virus of herpes reaches the surface 
by way of the nerves. If the virus passes up the nerve trunk 
there is no reason to suppose that it cannot pass down the 
nerve to the cutaneous area supplied by that nerve. Does the 
virus remain latent then in the tissues of man, and more par¬ 
ticularly in the nerve tissues such as the spinal ganglia? The 
fact that recurrent herpes is frequently brought on as a result of 
great emotional or nervous stress favors this idea somewhat. 

The changes found in the ganglionic centers have been thought 
by some authorities to be of toxic origin. While no toxin has 
as yet been demonstrated for the herpes virus it is logical to 
suppose, from our ordinary concept of the mechanism of in¬ 
fection, that such degenerative and inflammatory changes are 
caused by a toxin elaborated by the virus. It must be left to 
future investigations to determine this question. 

Within recent years the herpes 'virus has received a great- 
deal of attention, since several filterable viruses have been de¬ 
monstrated in the brain substance and spinal fluids from cases 
of epidemic encephalitis that are apparently identical with or, at 
least, closely related to the herpes virus. Doerr and Voch- 
ting(l3) have shown that the herpes virus is capable of in¬ 
ducing an encephalitis in rabbits when injected intraoeularly. 
Since the work of Doerr and Vochting numerous investigators 
have shown that encephalitis in rabbits regularly follows the 
subdural injection of the herpes virus. Strains from herpes 
simplex (febrilis) and herpes genitalis are practically all found 
to be potent in this respect. So far no one has succeeded, in 
unquestioned experiments, in producing encephalitis in rabbits 
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following the subdural inoculation of fluid from the vesicles of 
herpes zoster. Cole and KuttnerUU failed in this respect with 
material taken from nine cases, and McKinley and Holden (15) 
failed in three instances. However, there is strong evidence to 
suppose that herpes zoster is also a virus disease, but so far the 
hypothetical virus has remained undemonstrated. 

To summarize we may conclude that herpes simplex and 
herpes genitalis are caused by a filterable virus. Cultivation 
experiments with this virus have so far resulted in only dis¬ 
couraging results. By several methods Le Fevre and Mc¬ 
Kinley (16) failed entirely in the cultivation of this virus. 
Parker and Nye(i7) have reported more-encouraging results, 
but their work cannot be fully accepted at present as having 
demonstrated the artificial cultivation of this agent. Herpes is 
a common affection, and this indicates that the virus is wide 
spread. We propose the theory that the herpes virus is present 
and latent in the tissues and secretions of man who serves as 
its reservoir. Under favorably conditions acompanied by a low¬ 
ering of the individual resistance, brought about by a variety 
of influences, the virus becomes active and manifests itself in 
cutaneous lesions. The relation of this virus to epidemic en¬ 
cephalitis will be discussed in the following section. 

EPIDEMIC ENCEPHALITIS: LETHARGIC ENCEPHALITIS 

Definition .—Epidemic encephalitis is an infectious disease of 
protean manifestations. Encephalitis means brain inflamma¬ 
tion. Epidemic encephalitis is an inflammation chiefly of the 
central nervous system and is characterized in most cases by 
lethargy, paralysis of the cranial nerves, and in some cases there 
is spinal- and peripheral-nerve involvement. Not all cases of 
epidemic encephalitis manifest lethargy for ini some patients, 
depending upon the location and severity of the involvement, 
marked excitement may be a predominating symptom. This 
disease is also sometimes referred to as epidemic stupor, infective 
encephalitis, epidemic polioencephalitis, and sleeping sickness 
(European). 

History and distribution .—Little is known regarding the early 
history of epidemic encephalitis. Early after 1700 a disease 
broke out in parts of Germany which epidemiologists believe 
may have been related to epidemic encephalitis. Again in 1890 
in parts of southern Europe there appeared a peculiar disease, 
designated “nona” at the time, which may have been related to 
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encephalitis lethargica. From the records it is impossible to 
state definitely whether or not either of these diseases was re¬ 
lated to epidemic encephalitis. 

In 1917 Economo(is) described, under the name of en¬ 
cephalitis lethargica, a disease which he observed in eleven cases 
in Vienna. These eases had occurred during the winter of 1916- 
17. During the spring of 1918 the disease began to appear in 
various parts of England, and toward the end of 1918 the first 
indications of the disease were noted in the United States. The 
early cases of encephalitis lethargica were apparently regarded 
as brain inflammations due to botulism. The disease was char¬ 
acterized by drowsiness passing into lethargy, a progressive 
muscular weakness, and opthalmoplegia. Often the first symp¬ 
toms noted were a slight indisposition, mild indefinite muscular 
pain, and a feeling of drowsiness. Both males and females are 
affected and in about equal proportions. Most of the cases have 
appeared in individuals over 20 years of age. This is quite the 
opposite of poliomyelitis which occurs chiefly in children. While 
most cases of epidemic encephalitis occur in individuals in 
their twenties or thirties, the disease also occurs in later years 
after the age of 50 and in children. 

Since 1917 epidemic encephalitis has spread to all parts of 
the world. In England alone thousands of cases are now being 
reported each year. During 1924 England reported over five 
thousand cases of this disease according to the Epidemiological 
Report of the Health Section of the League of Nations. This 
report states that in most countries epidemic encephalitis is de¬ 
creasing at the present time. England, for example, has re¬ 
ported only 2,267 cases for the year 1926 with 1,825 deaths from 
this disease. In England the disease is more prevalent in urban 
than in rural districts. In New York City cases of epidemic 
encephalitis are not at all uncommon, and the same is true of 
other large cities in the United States. The disease is not lim¬ 
ited to cities, however, and is frequently met with in rural 
communities. The disease has a high mortality and shows a 
predilection for the winter months. 

The only epidemics of a similar disease, which have been men¬ 
tioned above, occurred in connection with or following epidemics 
of influenza. In 1918 when epidemic encephalitis began its 
march over the world it was thought that the disease was related 
to influenza and perhaps resulted as a sequela, in certain eases, 
as a result of the same infection. Except for epidemiological 
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data there is no evidence that epidemic encephalitis is related to 
epidemic influenza except as a concurrent infection. It is true 
that in England the incidence of epidemic encephalitis is highest 
in the north of England, decreasing through the south, and 
lowest in Wales. Also influenza is more prevalent in the north 
of England, but the mortality of encephalitis is highest in urban 
communities while influenza has a greater mortality in rural 
districts. 

Symptoms .—The usual picture of epidemic encephalitis is 
lethargy, associated with third-nerve and facial paralysis, and 
weakness in the lower extremities. There are many clinical 
forms of the disease which depend upon the location and degree 
of involvement of the central nervous system. Some of the dif¬ 
ferent types of the disease have been described as follows: Cases 
exhibiting general manifestations of the disease but no local¬ 
izing signs; cases with facial paralysis; cases with third-nerve 
paralysis; cases with spinal-cord manifestations; cases with po¬ 
lyneuritic symptoms; cases showing periods of great excitement; 
and mild cases of the abortive type having only transient man¬ 
ifestations. All degrees, variations, and combinations of the 
above types have been met with. 

Prodromal symptoms may be present or absent. If present 
they may be noted from a few hours to a few weeks and are 
characterized chiefly by headache, diffuse pains, lethargy or 
drowsiness, stiffness of the back or of one or more limbs, con¬ 
junctivitis, and vertigo. 

Lethargy, a prominent symptom of the disease, occurs in 
about 80 per cent of the cases. It comes on as a rule very 
gradually but may occur suddenly. It may develop gradually 
from a slight drowsiness to a stupor from which the patient 
can be aroused and then pass on into a deeper stupor or coma. 
Ocular palsies, with double ptosis and diplopia occur early. 
The temperature ranges from 100 to 104° F. It usually lasts 
but a few days and may then disappear only to recur, in some 
eases within a few days. 

The disease is slowly progressive. The patient takes on an 
apathetic look, the pupils may be dilated and unequal with com¬ 
plete third-nerve paralysis. The face becomes smooth and ex¬ 
pressionless, the muscles being moved with great difficulty. Cat¬ 
alepsy is not uncommon. The patient may become delirious 
and develop a violent mania. The memory is lost gradually, 
and the patient cannot remember one moment what he has been 
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told a few moments before. Aroused he may answer simple 
questions intelligently. Tremors and choreiform movements 
may occur in some cases and persist for some time. 

Sensory disturbances, such as hypersesthesia, may occur but 
are rare. Paralysis of the arms and the legs may occur. The 
reflexes may or may not be normal. Some cases exhibit par¬ 
aplegia. Other cases may show bulbar features and signs of 
polyneuritis. Signs of meningeal involvement are rare. The 
cerebrospinal fluid is clear, may show 10 to 20 cells per cubic 
millimeter, and in some eases a large increase. Both mononu¬ 
clears and polynuelears are found. The duration of the disease 
is variable. It may last weeks, months, or years. As a rule its 
duration ranges from two to twelve weeks. Second attacks 
occur and apparently, in many cases, are more severe than the 
first illness. These are probably not reinfections but a flaring 
up of the old process when conditions are favorable. 

There are other forms of encephalitis from which epidemic 
encephalitis must be differentiated along with several other con¬ 
ditions that are similar in some respects. Acute encephalitis 
may result from a number of causes such as trauma, intoxications 
(alcohol, food poisoning, and gas poisoning), following acute 
infections, and as a form of polio-myelo-encephalitis. The gen¬ 
eral symptoms are headache, somnolence, coma, delirium, 
nausea and vomiting, etc. Cases may occur following certain 
fevers, such as influenza and typhoid. 

The virus of epidemic encephalitis .—The virus of epidemic en¬ 
cephalitis is unknown. That the disease is infectious and com¬ 
municable is agreed by most authorities. What the infectious 
agent is or how it is communicated from individual to indivi¬ 
dual is unknown at present. In 1919 Loewe and Strauss (19) de¬ 
scribed an organism as the cause of epidemic encephalitis which 
they obtained from the brain substance and nasopharyngeal 
washings from, cases of this disease and claimed to have re¬ 
produced the disease in rabbits and monkeys with this material. 
Later they cultivated their organism and reproduced the disease 
with the cultivated microorganism. These experiments have 
been open to grave doubt and have not been confirmed. 

In 1922 Levaditi and Harrier (?) described a filterable virus 
which they believed to be the cause of epidemic encephalitis. In 
reality there were two strains of this virus obtained from cases 
of this disease. The first and most virulent virus was obtained 
from the brain substance of a case of encephalitis, while the 
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second and weaker virus was obtained from nasal secretions. 
Flexner(20) has pointed out that “examination of Levaditi’s re¬ 
ports indicates that from among inoculations made with thirty 
separate sets of specimens from cases of epidemic encephalitis, 
he succeeded in establishing in rabbits only one active virus” 
and that his conclusions are “based really on a single unequi¬ 
vocal experimental result.” Further, it is now well known that 
the case of encephalitis from which Levaditi obtained his first 
virus possessed a herpes infection over the entire right side 
of the face, and subsequent experiments with the Levaditi virus 
indicates that this virus is identical with known herpes strains 
or closely allied to them. 

Other filterable viruses have been obtained from the brain 
substance and cerebrospinal fluid from cases of epidemic en¬ 
cephalitis. There are the so-called “Basel” viruses. The first 
of these was obtained by Doerr and Sehnabel(2l) from the cere¬ 
brospinal fluid of a patient having encephalitis lethargiea. The 
second strain was obtained by Doerr and Berger (22) from the 
brain substance from a typical case of epidemic encephalitis. 
The third strain was derived from another case of epidemic en¬ 
cephalitis from the brain substance by Doerr and Berger. 
Zdansky(23) found that the brain lesions produced with the 
Basel strains II and III were identical with those produced in 
rabbits with the Levaditi so-called encephalitis virus and also 
with the herpes virus. 

The “Berlin” virus was described by Schnabel (24) and was 
obtained from the cerebrospinal fluid of an acute case of epidemic 
encephalitis. Cross-immunity experiments with this virus and 
a known herpes virus were found to be positive. 

The so-called “Wien” virus was isolated by Luger and Lauda(5) 
and was obtained from the cerebrospinal fluid and brain sub¬ 
stance from a ease of epidemic encephalitis. This strain first 
exhibited an incubation period of eighteen days, which gradually 
became shorter with animal passage. Symptomatically in rab¬ 
bits the disease produced by this virus is typical of that induced 
in rabbits following inoculation with herpes virus. These au¬ 
thors also studied a virus described by Koritschoner;(25) it was 
derived from the brain substance of a patient who had been bitten 
by a supposedly rabid dog. The patient died and a post-mortem 
examination revealed a myeloencephalitis. Inoculation of brain 
material from this case into two rabbits and two dogs resulted 
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within a few days in paralysis and lethargy. Luger and Lauda 
believe that the Koritschoner virus is endowed with herpetiform 
properties, but Doerr and Zdansky(23) identify it with the virus 
of pseudolyssa or infectious bulbar paralysis. These authors 
base their conclusions upon its transmissibilitv to dogs and the 
absence of Negri bodies in the brains of such infected animals. 

Bessemans and van Boeckel(26) experimented with material 
from five brains, twenty cerebrospinal fluids, and five nasophar¬ 
yngeal washings from several cases of epidemic encephalitis. 
Sixty-one rabbits and thirty guinea pigs were inoculated with 
these materials. Only seven of these rabbits showed symptoms 
and lesions, and only two guinea pigs showed lesions but no 
symptoms. Symptomatically these animals exhibited pictures 
typical of those due to herpetic infection. The lesions consisted 
of diffuse infiltration of the brain substance with mononuclear 
cells and in one case perivascular infiltration. This virus pos¬ 
sessed only a moderate virulence and was soon lost entirely. In 
regard to this virus Da Fano(27) states that— 

these experiments seem to indicate the possible occurrence of weak enceph¬ 
alitis strains endowed with properties similar to those of likewise weak 
or somewhat anomalous herpetic viruses. This supposition is supported 
by the report of Netter, Cesari and Durand, who claimed to have recov¬ 
ered an apparently weak strain from the brain of a case of lethargic 
encephalitis 15 months after onset. This virus was regularly active when 
prepared with the brain substance of successfully inoculated animals, 
while the salivary secretion of the infected animals was uniformly virulent. 
Also Sicard, Paraf, and Laplane elaim to have isolated an apparently 
weak encephalitis strain from a case of post-encephalitis Parkinsonism. 

In addition to the above viruses that have been obtained, 
Perdrau (28) in England has apparently had unusual success in 
isolating viruses from the brain substance from cases of epide¬ 
mic encephalitis which he believes possess herpetiform prop¬ 
erties. 

As will be noted the various viruses described above, with 
the exception of the virus of Loewe and Strauss which is no 
longer taken seriously, have been obtained from cases of epidemic 
encephalitis in Europe. Flexner and Amoss(29) and others in 
the United States have been uniformly unsuccessful in isolating 
a single virus from cases of this disease. Flexner(20) in 1923 
reported transmitting a disease to rabbits with the cerebrospinal 
fluid from a patient with neurosyphilis, and from these rab¬ 
bits he obtained a strain of herpes now known as the “Beckley” 
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strain. In this case there was no question of encephalitis, but 
it serves to illustrate that the herpes virus may occur in the 
spinal fluid of patients affected with some other disease process. 

General opinion is that the various viruses described by Euro¬ 
pean investigators as obtained from cases of epidemic encephali¬ 
tis are identical with the herpes virus or that they are closely 
related. Doerr and Schnabel and later Levaditi, Harvier, and 

Table 5. —Active immunization with herpes virus. 


[Dilutions in order of 1 : 1000, 1 : 100, 1 : 10 concentrated.] 



Number and amount of 
injections. 

Period of 
immunization. 

Test, subdu¬ 
ral, fourteen 


Rabbits. 

Serum virus 
mixture. 

Fresh virus 
in saline 
solution. 

Total 

time. 

Intervals 

between 

injections. 

days after 
last 

injection. 

Result. 




Days. 

Days . 



1-6 

Six of 1 cc.__ 

Four of 1 cc_„ 

37 

3-4 

0.2 cc.H5318 

Survived. 

7-10 

Four of 1 cc 

_do_ 

26 

3-4 

0.2 cc.H4958 

Do. 

11 





0.2 cc.H5318 

Died with ence¬ 





phalitis after four 
days. 

Do. 

12 

0.2 cc.H4953 






Table 6. —Passive immunity produced in rabbits with pooled immune 

serum. 


Rabbits. 

Intravenous injection of 
immune serum. 

Subdural test three weeks 
alter last injection. 

Result. 

1-5 

Three injections of 5 cc. each . 

0.2 cc. viTus H5348 b _ 

Survived 32 days. 
Died in 4 days. 

Died in 6 days- 

a 6 

_do__ __ 

*7 


_do___ 





a Central. 

b The animals again received subdural injections thirty-two days later and all died with 
typical encephalitis within from three to six days. 


Nicolau all found that cross immunity experiments with Leva- 
diti’s encephalitis virus and the herpes virus are positive. They 
later also demonstrated that the Levaditi encephalitis virus 
produces an herpetiform eruption when inoculated on the skin 
of a rabbit. Levaditi and his associates, then, consider that the 
virus of encephalitis and herpes are identical, varying only in 
degree of virulence. Doerr (30) also leans toward this concept 
and believes that the herpes virus is related etiologically to epi¬ 
demic encephalitis. 

Discussing this question in 1924 Parker(3l) says: 

There is one fact that would seem to establish definitely the lack of 
identity between the virus of herpes and that of encephalitis lethargica; 
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namely, the occurence of the intranuclear bodies characteristic of herpes 
in the former and the absence of such bodies in the latter. Lipsehiitz 
described certain intranuclear, acidophilic bodies that occur, especially in 
the epithelial cells, in herpes in human beings and in experimental herpes 
of the rabbit’s cornea. These bodies are perfectly definite and their de¬ 
monstration renders the diagnosis of herpes positive in animals and also 
in human beings, provided that in the latter varicella can he excluded. 
Whether they represent the virus or a reaction on the part of the cell 
about the virus, or merely a reaction or degenerative product of the 
cells is undetermined, but this does not detract from their diagnostic 
importance. Since the work of Lipsehiitz, they have beer, described by 
Goodpasture and Teague in the brains of rabbits dying of herpetic 
infection. 

Now if the virus of herpes and that of encephalitis lethargica are 
identical, these bodies should occur in the brains of human beings dying 
of encephalitis lethargica. However, to date, no such bodies in these cases 
have been described. [See Chapter XVII, Da Fano.] 

The entire question of the relation of herpes virus to epidemic 
encephalitis has become a very important one. Indeed, the 
question has become one of controversy. Investigators are, for 
the most part, agreed that the cause of encephalitis lethargica is 
probably a filterable virus. Flexner and his associates have con¬ 
sistently held that the hypothetical virus of epidemic encephalitis 
remains undiscovered. European investigators have attached 
more and more etiological significance to the herpes virus as a 
cause of the disease. Zinsser and Tang(32) have brought further 
evidence against the herpes virus in its possible relation to 
epidemic encephalitis. These authors have shown that the 
serum from encephalitis patients possesses no virucidal effect 
for the herpes virus in vitro though this property is present 
in the serum of rabbits immunized with herpes virus. 

In, a recent publication McKinley and Holden (9) suggest that, 
in the absence of a definite etiologic agent for encephalitis lethar¬ 
gica and since herpes strains are occasionally met with in the 
nerve tissue of cases of this disease, it is advisable to retain an 
open mind on the entire question and attempt in every way pos¬ 
sible to prove or disprove any relation that may exist between 
the herpes virus and encephalitis. The idea of an encephalitis 
being due to a toxin, as previously suggested by Parker, was 
again suggested. The occasional presence of the herpes virus 
in the central nervous system of patients might be explained on 
the basis of the central nervous system barriers becoming per¬ 
meable to the virus or its toxin as a result of some other consti¬ 
tutional disorder or infectious process which lowers the resist¬ 
ance of the patient, and consequently of those barriers which 
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normally do not permit the herpes virus or any other virus to 
gain entrance into the central nervous system. For example, 
such a hypothesis might explain the occurrence of encephalitis 
lethargica following in the wake of influenza. If such were the 
case it might explain the occurrence of those cases in which 
the herpes virus has been found in the brain. Also, as Perdrau 
has pointed out, the virus may be more easily obtained during 
the first few days o.f illness when the symptoms are acute. Park¬ 
er suggests that the actual virus of encephalitis may be growing 
in some other region, such as the gastrointestinal tract, or naso¬ 
pharynx, without causing local symptoms, but producing a poi¬ 
son that has a marked affinity for the central nervous system. 
Analogies of this are of course found in tetanus and to some 
extent in botulism. Such a virus might also be present, latent 
in the spinal ganglia, and produce its toxin from this focus. 

In one of his most recent papers Flexner(33) in commenting 
upon the ease with which herpes viruses may be implanted in 
rabbits states: 

On the other hand, it has proven extremely difficult to implant such 
a virus on rabbits with material taken from cases of epidemic encepha¬ 
litis in man. The several hundred or more transfers of these materials 
from man to rabbit have yielded, as Flexner pointed out and Doerr con¬ 
cedes, six successful inoculations at most. The percentage of successes is 
almost minimal. The matter at issue is the explanation of the disparity, 
the burden of proof, of course, being placed upon those investigators who 
would identify the herpes virus with the supposedly microbic incitant of 
epidemic encephalitis. 

This may be taken as the author’s attitude in the matter, as 
far as the herpes virus is concerned. 

Up to this point we have omitted entirely from considera¬ 
tion the possibility of the streptococcus as the microbic incitant 
in encephalitis lethargica. In 1924 Rosenow(34) reported the 
isolation of a streptococcus from the tonsils, teeth, and nasophar¬ 
ynx of cases of encephalitis and from the brain substance of such 
cases after death. Evans and Freeman (35) have also described 
a streptococcus isolated by them from nasal washings, heart 
blood, and mesencephalon of a patient with epidemic encephalitis. 
The streptococcus obtained by these authors is similar, according 
to comparative test, with the streptococci described by Von 
Wiesner and by Rosenow. This organism, so it is claimed, shows 
a tendency to elective localization in the brain and is said to 
produce nervous symptoms in rabbits and monkeys which, in 
some instances, simulate the disease in man. In another publica- 



39,i-i McKinley: Filterable Virus Diseases 123 

tion Evans (36) reports the isolation of six strains of streptococci 
from vesciles in cases of herpes, one from the cerebrospinal fluid 
from a case of syphilis, and one from the brain substance from 
a case of epidemic encephalitis. Freeman (37) has described the 
use of an antiserum prepared in horses with the streptococcus 
which was described earlier by Evans and himself. Adminis¬ 
tration of specific antistreptococcus serum to cases of encephali¬ 
tis was controlled by the administration of normal horse serum, 
antipneumococcus serum, and streptococcus bacterin. Freeman 
states: ‘‘The injection of normal horse serum during one re¬ 
lapse, of antipneumococcus serum during another, and of strep¬ 
tococcus bacterin during a third thus had the same beneficial 
effect that the encephalitis serum had in the first place.” Rus¬ 
sell (38) has also described a number of recoveries of cases of 
encephalitis following the administration of anfidiptheritic se¬ 
rum. As pointed out by Freeman such results indicate the need 
for proper controls in attempting to evaluate the efficacy of 
specific serum therapy. Certainly these results as reported by 
him lend little evidence in favor of the streptococcus etiology of 
this disease. They indicate, however, that nonspecific protein 
therapy may have some beneficial effects. 

In a recent review of the filterable virus diseases Mac Gal¬ 
ium (39) in speaking of epidemic encephalitis and the experi¬ 
mental work with the various viruses which we have described 
above states: 

. . . differences between the curves showing the effect of inoculation of 
encephalitis material on the one hand and of herpes material on the other, 
into rabbits (Ford and'Amoss), make one suspect very strongly that all 
of the so-called viruses of encephalitis are really accidentally recovered 
herpes viruses. This seems a far safer conclusion than that ventured 
by some that the viruses of encephalitis and herpes are identical, and it 
is preferable to concede that as yet we know nothing of the cause of 
encephalitis. All of this has been dearly brought out by Flexner. 

This is further indicated by the fact that Bastai and Busaeca 
(40) have found the herpes virus in the blood and cerebrospinal 
fluid of persons subject to herpes but who at the time possess 
no lesions. In such people slight indisposition frequently brings 
on an attack of herpes. 

This discussion may be taken as representative of the thought 
of the American school on the subject of the etiology of epidemic 
encephalitis. With regard to the streptococcus as a possible 
etiologic ineitant, there are few who consider this organism 
seriously. 
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Pathology .—The chief changes found in epidemic encephalitis 
are located in the upper part of the pons and in the basal nuclei 
and consist of a perivascular infiltration of large and small mono¬ 
nuclear lymphocytes. In some cases the areas of extravascular 
infiltration form foci which may be seen with the naked eye. 
The destruction of the ganglion cells as found in poliomyelitis 
is not common. The spinal-cord lesions are very mild. Changes 
in the Purkinje cells are noted, but cortical lesions and extensive 
lesions of the gray matter are not common. 

According to MeCrae(4i) haemorrhages in the meninges and in 
the regions of the basal ganglia may be found. Lesions also 
occur in the cerebellum. Lesions are both nodular and diffuse. 
The nerve cells show degeneration either localized or general. 
Thrombosis and necrosis have been noted but are rare. The 
gray matter at the base of the brain is particularly involved. 
Altogether, according to this author “the anatomical lesions are 
like those found in rabies and sleeping sickness.” He states 
further— 

the lethargy may be toxic but is possibly mechanical due to interruption 
of stimuli in the thalamus, which is frequently involved. The latter 
changes involve (1) the vessels with hyaline and calcareous degeneration 
of the media and adventitia especially and particularly in certain areas, 
especially the basal ganglia, (2) hydrocephalus, chronic or intermittent, 
from imperfect drainage of the ventricles, and (3) meningeal thickening. 

Prevention .—Very little can be said regarding the prevention 
and control of epidemic encephalitis. That the disease is com¬ 
municable is agreed by most authorities. However, it is only 
mildly so. Its relation to other infectious diseases is little under¬ 
stood. While the disease is apparently decreasing in certain 
parts of the world (England), it still remains in other countries 
as a serious and increasing menace. Until its cause is definitely 
known it is impossible to formulate rules for its prevention. 
At present it is only possible to employ ordinary hygienic meas¬ 
ures which are indicated for any infectious and communicable 
disease. No vaccine or serum is as yet available for its preven¬ 
tion or treatment. 

ACUTE ENCEPHALITIS: AUSTRALIAN X DISEASE 

In 1926 Kneebone and Cleland(42) reported an acute encephali¬ 
tis condition which appeared again in Australia during January 
and February of the year 1925. In previous reports Cleland and 
Campbell (43) had reported an epidemic of acute encephalomyeli¬ 
tis which appeared in Australia in 1917-19. According to these 
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authors the Australian disease, X disease, does not correspond 
with that of encephalitis lethargica reported in other parts of the 
world. Australian X disease is characterized by its high mortal¬ 
ity, very high temperature, coma, convulsions, relative absence 
of eye symptoms, rapid approach to death in fatal cases, its gen¬ 
eral resemblance to cerebrospinal fever, and leucoeytosis. Fur¬ 
thermore, these investigators have offered evidence that the virus 
of X disease may be transmitted to sheep. 

During 1917 and 1918 the virus of X disease was transmitted 
successfully to monkeys and at the same time was apparently 
transmitted to a series of sheep. Successful “takes” were ob¬ 
tained into the third series of sheep, by sheep to sheep inocula¬ 
tion, but failed in the fourth. In 1928 Kneebone and Cleland 
again attemped to transmit the virus to these animals. Five 
sheep were inoculated. The first was inoculated directly into 
the brain substance with 1.5 cubic centimeters of nerve-tissue 
emulsion from a fatal human case of the disease, and died eight 
days later with general convulsions. The second died with sim¬ 
ilar symptoms nine days following inoculation. The third died 
with general convulsions seven days following inoculation. The 
fourth was inoculated with brain emulsion from sheep 3 and died 
with general convulsions nine days after inoculation. The fifth 
wms inoculated with brain substance from sheep 4 and suffered 
no ill effects following the inoculation. Brains from sheep 1, 
2, 3, and 4 all showed intense pial congestion but no evidence 
of suppuration. Bacteriologic cultures were uniformly negative. 

The case described from which brain substance was obtained 
for the sheep inoculations is perhaps typical of the fatal cases 
of this disease. The authors described it as follows: 

Case 3. (From this case the sheep inoculations were made.) Lucy S., 
aged 2 years and 10 months, was admitted on March 1, 1925. She had 
had whooping cough ten months before, but since then had been quite 
well up to two days ago. For the last two days she has had “turns” 
each day, lasting up to six minutes at a time, and three convulsions, fol¬ 
lowed by general iwitchings during the day before admission. The bowels 
had been opened once daily. She had refused food since she became ill. 
Examination showed that she was in a semi-comatose condition, with 
generalized twitchings. Head retraction and Kernigs sign were present. 
Nothing abnormal was detected in the chest or abdomen. The urine 
showed no abnormality. The temperature was 101.8 s F., the pulse 140, 
■and respirations 48. Next day her condition was worse, although the 
twitchings were not so severe. There was left abducent paralysis. Lum¬ 
bar puncture yielded 60 cc. of clear fluid under slightly increased pressure. 
This fluid contained no increase of globulin, no pus cells, and no organisms 
either in smears or on. culture. The temperature, 101.8 s F. on admission, 
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rose in 12 hours to 105° F., and maintained a high level, rising to 106° F. a 
few hours before death, which occurred 36 hours after admission. At the 
post-mortem examination, 12 hours after death, the brain was removed with 
strict aseptic precautions. Very marked congestion of the vessels of the 
pia mater was present, both at the vertex and at the base. There was 
no evidence of tuberculosis or suppurative meningitis, and the other or¬ 
gans were healthy. Microscopic examination of sections from the brain 
and spinal cord failed to reveal the presence of perivenous sheaths of 
cells or of cellular islands. These sections included the basal muelei. 
There was marked capillary congestion in the frontal and occipital areas. 

From the description of this case there can be no doubt that the 
case is in many ways dissimilar to epidemic encephalitis both in 
its symptomatology and in its morbid anatomy. While the trans¬ 
mission of the virus to sheep is not conclusive, these experiments 
may be considered as strong evidence that such transmission is 
possible. If this point is accepted it is also important evidence 
that the disease is at variance with encephalitis lethargica for 
no virus has ever been transmitted to sheep from cases of epide¬ 
mic encephalitis or from cases of poliomyelitis. Indeed, in our 
experience it has been impossible to infect sheep with herpes 
virus or, for that matter, satisfactorily to demonstrate antibodies 
in the blood stream of sheep that have received more than a 
dozen injections of herpes-virus emulsion in an attempt to speci¬ 
fically immunize them. 

What the exact nature of Australian X disease is and its micro- 
bic incitant must be left for future experimental work to decide. 
For the present we must regard this disease as still another 
form of encephalitis, and most probably it is unrelated to en¬ 
cephalitis lethargica. 

JAPANESE ENCEPHALITIS: TAKAKI VIRUS 

In 1924 there was an epidemic of encephalitis in Japan. This 
epidemic occurred in the summer and involved about six thousand 
cases. Various investigators attempted to transmit the disease 
to animals. Takaki (44) has reported that he succeeded in six 
transmissions of the virus of the disease to rabbits with material 
from six fatal cases. According to this investigator the virus 
is inoeulable by both cornea and brain as well as other organs. 
It cannot be cultivated artificially. Takaki states that the symp¬ 
toms produced in rabbits by this virus are not similar to those 
induced in rabbits with the herpes virus. Furthermore, cross 
immunity tests with the Takaki virus and herpes virus show 
that there is no relation between the two viruses. 
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Commenting upon the Japanese disease in a recent paper 
FIexner(45) states: 

in view of this discordant finding, the question arises whether the Jap¬ 
anese and the European epidemic diseases are pathologically the same. 
Fortunately this question can be answered, and apparently in the affirma¬ 
tive. The clinical and pathological descriptions which have been published 
show close similarity. Through the kindness of Professor Kimura. of 
the Imperial University in Sendai, I have been enabled to examine spec¬ 
imens taken from the brain of fatal cases. These specimens show patho¬ 
logical changes closely resembling those found in the brain of Europeans 
and Americans who have succumbed to epidemic encephalitis. The changes 
or lesions are of two sorts: mononuclear (lymphoid) infiltrations of the 
blood vascular sheaths and brain tissue, and degeneration of ganglion and 
glia cells. The distribution of the lesions is also typical. Especial at¬ 
tention may be drawn to the lesions in the substantia nigra which are 
prominently present in the Japanese, as well as in the European cases of 
the disease. 

This author calls attention to the virus reported by Kling and 
Liijenqnist(46) in Sweden in 1921 which these investigators 
obtained from a case of epidemic encephalitis. The experimen¬ 
tal disease produced by this virus produces a chronic patholog¬ 
ical process rather than an acute process and in this respect 
differs from all the other viruses which have been reported. 
Some investigators take the stand that Kling and Liljenquist 
were dealing with the virus of spontaneous encephalitis in rab¬ 
bits, but Flexner states: 

There is no doubt that the Swedish cases of epidemic encephalitis are 
identical with the other European and the American cases. . . . there is 
strong reason to believe that the Japanese epidemic disease is of the 
nature of the European and American disease. The essential differences 
relate to the microbie incitant described by Kling and by Takaid. As 
tested by these discrepancies, the epidemics would have to be regarded 
as distinct. The fundamental question raised by the discrepancies is, 
therefore, whether the experimental findings are not open to the suspicion 
of not revealing the real incitant of the epidemic disease. 

For the present the Japanese epidemic of encephalitis must be 
regarded as related to epidemic encephalitis as it occurs in other 
parts of the world. Its virus is one of the few which has been 
isolated from the brain tissue of human cases qf the disease 
and is unique in its unlikeness to the herpes virus. 

I 

VACCINATION ENCEPHALITIS 

Within the last two or three years there have appeared cases 
of encephalitis which have apparently been related to vaccina¬ 
tion. Turnbull and McIntosh, (47) Heymann,(4S) Aldershoff,(49) 
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and others have written reports upon this subject. Heymann 
quotes Jenner’s observation on the inhibition of the development 
of the smallpox-vaccine pustule in patients with herpes. Turn- 
bull and McIntosh have reviewed seven cases of encephalomye¬ 
litis which were definitely connected with vaccination. The only 
virus demonstrated experimentally in the brain and cord was 
a vaccinal virus. The postvaccinal encephalitis develops from 
nine to fifteen days after the vaccination. 

Levaditi, Nicolau, and Bayarri(50) regard this form of en¬ 
cephalitis as the flaring up of a latent virus of epidemic encephal¬ 
itis already present in the central nervous system. This theory 
is also concurred in by Netter.(5l) Bastiaanse, Bijl, and Ter- 
burgh(52) support a similar idea. Fiedler(53) states that fifty- 
two instances of disease of the central nervous system after 
vaccination are recorded, and he believes that vaccination acti¬ 
vates viruses already present in the system. 

Lucksch(54) on the other hand maintains that encephalitis 
following vaccination is caused by the vaccine virus. Wilson 
and Ford (55) point out that a diffuse nonsuppurative encephalo¬ 
myelitis may occur as a rare but specific complication of variola, 
vaccinia, and varicella. These authors further state that the 
vaccine virus has been demonstrated in the cases of encephalitis 
following vaccinia but not in connection with variola and vari¬ 
cella. These authors believe that the condition is in reality 
uncommon and that many such cases have been mistaken for 
tetanus. Encephalitis has also been reported in connection with 
measles, mumps, etc. 

Lucksch has suggested the use of the Paul test with spinal fluid 
from these cases. He believes that corneal lesions may be ob¬ 
tained on rabbits with spinal fluid from these cases which may 
be regarded as characteristic of smallpox virus. 

This question is of special interest from the medico-legal point 
of view, particularly if the possibility of tetanus infection is 
involved. 

SPONTANEOUS ENCEPHALITIS IN RABBITS 

The study of experimental encephalitis in rabbits has been 
complicated by the presence in these animals of spontaneous 
encephalitis. Spontaneous encephalitis in rabbits was first noted 
by Bull (56) in 1917. Bull was studying the brains of rabbits 
inoculated with streptococci and found focal areas of necrosis 
surrounded by lymphocytic cells. These areas were near the 
blood vessels showing a perivascular infiltration extending from 
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the meninges. Subsequently Bull examined several hundred 
rabbits having snuffles and found one which had acute meningitis 
■with perivascular infiltrations within the cerebrum. Reason¬ 
ed?) in 1916 had noted similar changes in animals that had 
received intravenous injections of syphilitic material. These 
observations indicated that the stock animals might be originally 
affected by this process and that it bore no relation to the ex¬ 
perimental procedures being studied. 

In 1922 Oliver (58) first spoke of a spontaneous chronic menin- 
go-eneephalitis of the rabbit. This author found about 20 per 
cent of stock animals and animals bought on the market showing 
the changes noted above. The animals were in apparently 
healthy condition. During the same year Twort(59) described 
spontaneous encephalitis in a litter of rabbits that was charac¬ 
terized by definite symptoms. The onset was insidious, the 
temperature subnormal, the hair fell out, the animals lost weight, 
and there was a discharge from the eyes. Later muscular weak¬ 
ness progressed, the animal developed convulsions, and died in 
coma. Twort and Archer later transmitted the malady to four 
young rabbits and attempted to link this virus with nephritis 
in animals. 

McCartney (60) found that about half of three hundred seventy- 
two rabbits examined had such lesions and that in certain groups 
of animals as high as 76 per cent were affected. The lesions 
consisted of perivascular, meningeal, parenchymatous, and sub¬ 
ependymal infiltrations with mononuclear cells. Here and there 
were focal areas consisting of aggregations of cells. These areas 
were distributed throughout the brain. Necrotic foci were 
found in 15 per cent of the brains examined. 

Later several investigators made a study of this condition in 
rabbits, among them Levaditi, Nicolau, and Schoen.(6l) These 
authors noted a microorganism in the lesions which they desig¬ 
nated EncephaMozoon eunicuU. The parasites were found next 
to the subcortical nodules of epithelioid and lymphocytoid cells 
and occasionally in the brain substance. They appeared to be 
in cysts, and usually twenty to forty microorganisms were found 
in each cyst. Similar organisms had already been described by 
Wright and Craighead in 1922 and by Doerr and Zdansky. 
Later, in 1924, similar organisms were described by Cowdry and 
Nicholson (62) who termed them protozoan-like parasites. 

That spontaneous encephalitis exists In apparently healthy 
rabbits is an established fact. This knowledge should be eare- 
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fully considered in connection with experimental studies with 
encephalitis material. 
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BORNA DISEASE 

Enzootic meningo-encephalomyelitis of horses 

Definition .— Enzootic meningo-encephalomyelitis of horses is 
an acute, specific, infectious disease affecting the central nervous 
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system. The disease is characterized by multiple lymphocytic 
foci occurring in the nerve substance and in the meninges. In 
certain ganglion cells intranuclear formations have been de¬ 
scribed. 

History. —It is doubtful if the disease known as “seatstroke” 
and described by Worz in Wiirtemburg in 1813 was enceph¬ 
alitis. It is more probable that this disease was cerebro¬ 
spinal meningitis, as was the disease that later, in 1824 to 1828, 
spread through Europe and was described by Franque as “fever 
of the nerves.” During the period 1847 to 1869 a similar 
disease was prevalent in the northern American states and was 
described by Liautard.(i) Later, in 1879, the disease appeared 
in Saxony and was epizootic from 1883 to 1886. From 1894 
the disease spread with great virulence in some localities and was 
especially malignant around Borna. From that time it has 
been spoken of as “Borna disease.” A similar condition has been 
described in Hungary and in Belgium, Marcq.(2) The earlier 
studies on the bacteriology and pathology of Borna disease were 
made by Siedamgrotsky and Schlegel (1896),(3) Johne (1896), 
(4) Ostertag (1900),(5) Dexler (1900),(6) Streit (1902),(7) 
Oppenheim (1907),(8) and Christiana (1909).(9) According to 
the histologic work of Dexler and of Oppenheim the disease is 
an inflammatory one. 

Distribution. —The disease has been present in Germany, Hun¬ 
gary, Belgium, Great Britain, and Russia. In North America 
it has been prevalent in New York, Pennsylvania, New Jersey, 
Minnesota, Kansas, Illinois, and parts of Ontario. 

The virus of Borna disease. —Many bacterial forms have been 
described as the cause of Borna disease. Streptococci and diplo- 
cocci have been found in the brains of animals having died of the 
disease and such bacterial forms have not been found in the 
brains of healthy animals. Ostertag has described a streptococ¬ 
cus, Borna-streptococci; Lohr(io) a diploeoecus, Borna-diplococ- 
ci; and Joest(n) a diplo-streptococcus, Borna-diplo-streptoeocci, 
in the brain, spinal fluid, and other tissues of the body in cases of 
Borna disease. Some of the diplococci are Gram negative and 
others Gram positive. Others are found partly within cells. 
Ostertag has described them in the blood, liver, and urine, but 
only in a few cases were they present in the brain. In cultures 
they grew in short chains and in bouillon produced dense cloud¬ 
ing. They grew on both acid and alkaline media and in media 
which contain ammonia or saltpeter. 
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The Borna streptococcus is not pathogenic for laboratory 
animals. Horses, sheep, and goats have developed symptoms 
quite similar to Borna disease 'when injected subdurally in sev¬ 
eral instances, but the results are not uniform. According to 
Ostertag injections of this organism under the skin, into the 
nasal cavity, the eyes, the ears, and into the digestive tract 
produce no effect. Joest advanced the theory that Borna di¬ 
sease is due to a filterable virus because of the appearance of 
intranuclear inclusions in the ganglion cells. In view of this the 
causative agent is to be regarded as a parasite similar to the 
Chlamydozoa of Prowazek. 

In recent years the theory that Borna disease may be due to 
a filterable virus has gained weight in the experimental work 
of Moussu,(i2) Zwick and Seifried, (13) Beck and Frohbose, (14) 
and of Ernst and Hahn, (15) all of whom believe that the causative 
agent in this disease is a filterable virus. Transmission in series 
of a filterable agent obtained from cases of Borna disease, when 
injected intracerebrally, has been obtained in the horse, sheep, 
rabbit, guinea pig, rat, and fowl. 

Moussu, as well as Miessner, (16) has shown that enzootic en¬ 
cephalomyelitis of sheep is due to a virus which is analogous 
to the virus that affects horses. This has been confirmed in the 
work of Beck and Frohbose. Ernst and Hahn have isolated 
from cases of enzootic encephalomyelitis of cattle and from 
malignant catarrhal fever a virus closely related to if not identi¬ 
cal with that previously isolated from Borna disease in horses. 
The viruses under study at the present time are the Zwick virus, 
isolated from Borna disease in horses, and the Miessner virus 
which was isolated from a sheep. In a recent publication Ni- 
colau and Galloway (17) have described their experiments with 
these viruses. 

According to these authors the virus when centrifuged for 
five to fifteen minutes at 5,400 revolutions per minute is still 
found to be present in the supernatant fluid. The virus in de¬ 
stroyed •when exposed to the action of ultra-violet light for five 
minutes, though the distance at -which the rays are permitted to 
act is not stated. Nicolau and Galloway report that cross im¬ 
munity experiments with the Zwick virus and the Miessner virus 
are positive. The Zwick strain, according to their experiments 
with rabbits, will protect against one thousand infective doses 
of the Miessner strain. The incubation period in rabbits varies 
with the individual susceptibility of the animal, the age and 
the weight being the sole factors. For rabbits weighing 1,500 
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grams and over, the incubation period with the Zwick virus 
ranged from twenty-eight days to thirty-six days. For the 
Miessner virus the period of incubation was thirty days based 
upon twelve rabbits, for guinea pigs nineteen to one hundred 
thirty days, for mice thirty-seven to one hundred twenty-five 
days. The virus is not infective for guinea pigs when injected 
into the epithelial pads of the metatarsal region as is the case 
with the virus of foot-and-mouth disease and of herpes. These 
authors found that passage of the virus of Borna disease through 
guinea pigs apparently enhances its virulence for rabbits since 
rabbits died following the injection of such a virus after nineteen 
to twenty-one days and the lesions were most intense. Monkeys 
(Macacus rhesus) were found by them to be susceptible to the 
virus, the first symptoms of the disease appearing after fifty- 
seven days, and sixteen days later the animal died showing defi¬ 
nite post-mortem signs of the disease. The ferret was found to 
be refractory to the virus. 

In rabbits that had died of Borna disease definite histologic 
changes were noted by the above authors. There is a mononu¬ 
clear meningitis and a perivascular and parenchymatous infiltra¬ 
tion. These infilterative cells are mononuclear in type with oxy¬ 
philic corpuscles in the large ganglion cells of the cornu ammonis. 
These correspond to those described by Joest and Degen (18) in 
1909. Nicolau and Galloway further noted a ganglioradiculitis, 
peripheral neuritis, and they suggest the name “satellitism” for 
lesions occurring in the medulla oblongata, mid-brain, and spinal 
ganglia, which consist of neurons surrounded by neuroglial cells 
and infiltrating mononuclear cells. This satellitism, so they 
state, may go so far as to constitute true neuronophagia. The 
stages and forms of degenerative processes described by these 
authors are oxychromasia, chromatolysis, karyolysis, and vacuoli¬ 
zation of the cytoplasm. Neuronophagia may even occur in the 
anterior horns of the spinal cord. In the paravertebral ganglia 
neuronophagia is more frequent than in the central nervous 
system proper and is comparable to that seen in poliomyelitis in 
monkeys. Mononuclear and perivascular infiltration was also 
noted in the nerve roots and descending peripheral nerves. 

The corpuscles of Joest and Degen (intranuclear oxyphilic 
formations) were found in cells that presented a marked rari- 
fication of the karyoplasm. As in the case of Negri bodies these 
bodies were not found in degenerated cells. These bodies were 
also in evidence in the pyramidal cells of the cerebrum, medulla, 
anterior horns of the spinal eord, and in the nerve cells of the 
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spinal ganglia. Cysts were also found in about 5 per cent of 
the cases in the large ganglion cells of the cornu ammonis. The 
histologic changes in experimental Borna disease in guinea pigs, 
rats, mice, and monkeys were practically identical with the de¬ 
scription given above for the rabbit. Similar changes are noted 
in the natural disease as it occurs in horses. 

A form of encephalitis is also found in human beings and has 
been described in other animals such as the sheep and the goat. 
At present there is no evidence suggesting any relationship 
between Borna disease and encephalitis in human beings, though 
several of the histologic changes appear to be similar and au¬ 
thorities are agreed that encephalitis in human beings is prob¬ 
ably a filterable virus. (See previous section.) 

Symptoms in Borna disease. — Noack(i9) in 1908 observed 
symptoms of Borna disease in a horse nine days after the ani¬ 
mal had been introduced into an infected district. The exact 
period of incubation in the natural infection is unknown. The 
incubation period in the experimental disease has already been 
mentioned. The disease may begin with digestive disturbance, 
loss of appetite, jaundice, colic, catarrh of the pharynx and 
respiratory tract, periods of excitement and dullness, and in 
some cases spasms in the muscles of the head. There may be 
squinting, grinding of teeth, unequal dilatation of the pupils, 
spasmodic elevation of the alse of the nostrils and lips, spasms 
of the neck muscles in which case the head is drawn back, spasms 
affecting the extremities, and in some cases there is a marked 
opisthotonus. There is a hyperesthesia and markedly increased 
reflex irritability. Symptoms of paralysis appear early. The 
animal is at first lame and shows weakness of the limbs. Para¬ 
plegia or hemiplegia may develop. The rise in temperature is 
not high, the highest reported being 41.6° G. Usually the tem¬ 
perature remains around 89 ; G. Respiration and heart rate 
may be moderately increased. Emaciation is noted only late 
in the disease and then in only a small percentage of cases. 

In experimental infections with the Zwiek or Miessner virus 
in rabbits, Nicolau and Galloway noted a loss in weight, even 
to one-half the original weight of the animal, a subnormal tem¬ 
perature preceding death, and a marked increase in the mono¬ 
nuclear lymphocytes. 

Animals susceptible to the virus of Barm, disease. —Horses, 
sheep, rabbits, rats, mice, guinea pigs, monkeys, and fowls 
may be said to be susceptible to this virus. Ernst and Hahn 
believe that deer may also become spontaneously affected. It Is 
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probable that in the future other species may also be found 
susceptible to the virus. 

Immunity in Borm disease. —As has already been mentioned 
artificial immunity may be produced in rabbits with either the 
Zwick or the Miessner virus. Cross immunity was positive 
between these two viruses. There is no report as to how long 
such an immunity persists in experimental animals. 

In the natural infection among horses observation has led 
to the opinion that there is little, if any, immunity afforded by 
an attack of the disease. Later attacks may occur in animals 
that have recovered from a previous attack of the disease. No 
serum or vaccine has been prepared which is of any value in 
immunizing animals against this disease. 

Control measures for Borna disease. —Isolation and quarantine 
measures are indicated for the control of this disease. Special 
attention should be given water and food supplies and if neces¬ 
sary pastures should be changed. 
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POLIOMYELITIS: INFANTILE PARALYSIS 
Acute anterior poliomyelitis 

Definition .—Infantile paralysis is an acute, systemic, infec¬ 
tious disease, occurring both epidemically and sporadically, and 
is caused by a specific filterable virus. The virus of poliomye¬ 
litis attacks the nervous system and may affect every part of the 
cord, although it is prone to localize in the anterior horns of the 
gray matter. The posterior horns, however, may be seriously 
involved. In some instances the brain itself may be affected, 
the changes as a rule being more pronounced in the base of 
the brain. Symptoms of spastic paralysis indicate that the 
meninges are also involved in certain cases. 

History .—Poliomyelitis has undoubtedly existed since ancient 
times. To Underwood is generally given the credit for the first 
description of this disease. We have been unable to read the 
book “'A Treatise on the Diseases of Children,” published by this 
author in 1784, but we are told by Vaughan who has studied 
his work that this author undoubtedly described infantile para¬ 
lysis at that time under the title “Debility of the Lower Extre¬ 
mities.” Until recent years poliomyelitis was not recognized as 
an infectious disease. The literature of the last century spoke 
of this disease as the Heine-Medin disease because Heine (l) in 
1840 definitely established the disease as a clinical entity, and 
Medin(2) in 1890 was the first to study carefully an epidemic of 
the disease and describe its various clinical manifestations. 

The first outbreak of infantile paralysis in the United States 
in 1894 was described by Caverly.(3) This epidemic occurred 
in the state of Vermont. The first reported epidemic of this 
disease had occurred in Sweden in 1881, the disease appeared 
the next year in Italy, and in 1886 small outbreaks were noted 
in Germany, France, and Norway. During the decade 1890 
to 1900 there were minor outbreaks of the disease in Italy, 
France, Australia, England, and the United States. The epi¬ 
demic at Rutland, Vermont, in 1894 consisted of 132 cases. Be¬ 
tween 1900 and 1910 epidemics of the disease increased in pro¬ 
portion and severity. The disease was practically pandemic in 
Norway and Sweden from 1903 to 1907. From 1907 to 1910 
large epidemics occurred in several of the Eastern and Mid¬ 
western states including New York, Massachusetts, Iowa, and 
Minnesota. At the same time the disease was endemic in various 
parts of Europe. Up to 1910 the United States had contributed 
over five thousand of about eight thousand cases which had been 
reported in various parts of the world. (4) Rosenau states that 
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from 1910 to 1914 there were over eighteen thousand eases of 
this disease reported in the United States and during 1915-16 
there were thirty-one thousand five hundred more. In 1916 
alone this author states there were twenty-nine thousand cases 
and six thousand deaths resulted from this disease. New York 
City reported in this epidemic nearly nine thousand cases with 
over two thousand four hundred deaths. 

Distribution .—Poliomyelitis is essentially a warm-weather 
disease, yet cases are exceedingly rare in tropical countries. 
It does occur in the Tropics, however, but never in epidemic pro¬ 
portions. The disease also occurs in cold countries, as evidenced 
by the epidemic in Iceland in 1924. The greatest number of 
cases are reported during the summer months. As a rule the 
disease is manifested only by sporadic cases during the winter 
months, although cold-weather epidemics have been reported 
(Sweden, 1911). 

Epidemiologists state that infantile paralysis is usually more 
prevalent in sparsely settled communities than in the large cities. 
Its incidence was extremely high in New York City during 1916, 
but as a rule it is highest in rural communities. From available 
statistics males are slightly more susceptible than females and 
95 per cent of cases are found in children under 10 years of age. 
In the New York City epidemic in 1916 the case mortality rate 
was 26.96 per cent. 

The vines of poliomyelitis .—In 1905 Geirsvold(5) isolated cer¬ 
tain bacteria, especially cocci, from spinal fluids and tissue speci¬ 
mens from cases of infantile paralysis. In 1909 Landsteiner 
and Popper(6) attempted to infect monkeys with emulsified 
spinal cord obtained from a child who died on the fourth day of 
an attack of infantile paralysis. Both monkeys were injected 
intraperitoneally, and one monkey died on the eighth day follow¬ 
ing the inoculation. The second monkey developed paralysis 
on the seventeenth day and was sacrificed for study on the nine¬ 
teenth day. Two monkeys were inoculated with cord emulsion 
from the second monkey, but apparently neither was affected by 
the injections. 

While Landsteiner and Popper were unable to transmit the 
disease from monkey to monkey they were able to study carefully 
the anatomical changes produced in the first two monkeys. The 
examination of the cords of these two animals showed the pia 
to be infiltrated with small, round, deeply-staining ceils chiefly 
along the anterior median fissure. The substance of the cord 
exhibited areas of inflammation chiefly in the cervical area. 
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These areas consisted of perivascular infiltration and diffuse infil¬ 
tration into the substance of the cord. Haemorrhages were also 
noted in the gray matter. These lesions were found also in 
the medulla, pons, and brain stem though not so intense. The 
ganglion cells of the anterior horns also showed evidences of 
invasion and degeneration. The lesions in the second monkey 
were similar but more pronounced in the lumbar region. Hae¬ 
morrhages were absent and there were fewer infiltrating poly¬ 
morphonuclear leucocytes in the cord substance. 

About the same time KnoepfelmacherC") reported the success¬ 
ful transmission of this disease to a monkey in Vienna. This 
animal was also injected intraperitonealiy and developed symp¬ 
toms of paralysis on the twelfth day. A second monkey injected 
with material from the first monkey remained unaffected, al¬ 
though the histologic findings in the first animal agreed with 
the description given by Landsteiner and Popper. During the 
same year Landsteiner and Levaditi, (8) Leiner and Wiesner, (9) 
and Romer(iO) succeeded in transmitting the virus of poliomye¬ 
litis by the intracerebral route to monkeys. Landsteiner and 
Levaditi also demonstrated that the virus is filterable, a fact 
which, unknown to them at the time, had been learned by Flex- 
ner and Lewis in the United States. Leiner and Weisner also 
found that paralysis resulted following the injection of the virus 
into the intestine or stomach. 

In 1909-10 Flexner and Lewis (H) demonstrated independently 
that the infectious agent in poliomyelitis is a filterable virus. 
These authors were able at will to infect monkeys with baeteria- 
free filtrates by both subcutaneous and intracerebral inoculations. 
They were also able to pass this virus from monkey to monkey 
by means of filtrates and in this way study the incubation period 
of the disease in this animal, the clinical forms of disease, and 
the anatomical changes produced by the virus. Under the 
dark-field microscope Flexner and Lewis observed innumerable 
bright, dancing points that when stained with Loeffier’s flagella 
stain presented minute roundish or oval particles which were 
absent in filtrates prepared with normal rabbit spinal-cord 
emulsions. 

Flexner and Lewis used for material the spinal cords from 
two cases of infantile paralysis in human beings. One patient 
had died on the fifth or sixth day of the disease, the second 
succumbed on the fourth day. The spinal cord obtained from 
the latter case contained wide-spread lesions affecting both the 
gray and the white matter. Sixteen hours after death the cord 
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was emulsified and injected intracerebrally into monkeys. Symp¬ 
toms of the disease began to appear in from six to forty-eight 
hours before paralysis developed. Symptoms of paralysis were 
found to develop in from four to thirty-three days with an aver¬ 
age period of about nine days. Altogether these authors in¬ 
fected eighty-three monkeys in their first study. Flexner and 
Lewis found that the virus of poliomyelitis, in common with 
many other filterable viruses, resists the action of glycerin for 
at least seven days and also resists drying over caustic potash 
for the same period. They also demonstrated that the virus of 
poliomyelitis retains its virulence when kept constantly frozen 
at —2 to —4° C. for at least forty days. The virus is destroyed 
in the filterate when heated for half an hour at 45 to 50° C. 

Of eighty-three monkeys (of several species) infected with the 
virus of poliomyelitis by Flexner and Lewis only six failed to 
develop paralysis. These authors believe that they have detected 
some evidence of immunity in monkeys which had been pre¬ 
viously infeeted and at least partially recovered, and were then 
reinoculated. They state that “in no instance did the second 
inoculation produce a frank renewal of the disease or appear to 
retard the progress toward recovery.” In other experiments a 
heated vaccine prepared of infected spinal cord was tried for 
preventive purposes but in each case failed to protect the animal 
when given simultaneously with the test dose of virus. 

The virus of infantile paralysis remained to be cultivated. 
Flexner and Lewis noted the clouding of serum bouillon when 
a Berkefeld filtrate of the central nervous-system tissues of polio¬ 
myelitic monkeys was added to it; an observation that was 
confirmed by Levaditi,(l2) but which proved to be due to protein 
precipitate and not to virus. In 1913 Proescher(l3) found in 
stained smears from the nerve tissue of poliomyelitis-infected 
monkeys certain coccuslike bodies. Such bodies have also been 
described in rabies and their precise nature is unknown. They 
have not been found in poliomyelitis material taken from human 
eases. 

In 1913 Flexner and Noguchi (14) described the cultivation of 
the virus of poliomyelitis. The medium consisted of human 
ascitic fluid to which was added a fragment of sterile fresh 
tissue. In the initial cultures the exclusion of oxygen is neces¬ 
sary, but it is sufficient to cover the liquid with paraffin oil for 
this purpose. Also cultures were obtained without fresh rab¬ 
bit tissue by using fragments of poliomyelitic brain in ascitic 
fluid. Brain-time extract and sheep-serum water served nearly 
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as well as ascitic fluid, especially when fresh rabbit tissue was 
added to the medium. 

The virus of poliomyelitis stains by both the Giemsa and the 
Gram method, and in stained smears it appears as variable 
numbers of minute globoid bodies, arranged in pairs, or short 
chains, or in small aggregated masses. In the fluid culture the 
pairs and chains predominate. Once growth has been obtained 
in fluid medium, subcultures can be made to solid medium con¬ 
sisting of agar, ascitic fluid, and a fragment of sterile tissue. 
On solid medium the organisms develop as pairs and as aggre¬ 
gated groups. Cultures of the poliomyelitis virus were obtained 
by these authors from fresh poliomyelitic brains (monkeys), 
from filtrates prepared from infected brains, and from glycerin- 
ated poliomyelitic brains. 

The individual organisms average about 0.2 micron in dia¬ 
meter. The limits of visible bodies are 0.15 to 0.B micron. 
The minute globoid bodies usually appear in cultures by the sixth 
or seventh day. Growth begins slowly but increases rapidly 
later on and is usually 'complete by the eighth to the twelfth day. 
The cultures remain unchanged for several days in the incubator 
and are preserved for several weeks in the ice box. 

The virus of poliomyelitis is sensitive to ordinary disinfectants, 
being destroyed by a 1: 500 solution of potassium permanganate, 
1 per cent menthol in oil, 0.5 per cent salol, 5 per cent boric 
acid, and 1 per cent hydrogen peroxide. The virus remains 
virulent in milk and water for about thirty days according to 
Levaditi and Pasti.(io) 

Incubation period .—The incubation period is usually short, 
from one to three days, up to fourteen days, with many instances 
of seven days. Aycock and Eaton (16) have studied the disease 
in families, and judging from secondary cases which became 
infected they estimate the incubation period at ten to eighteen 
days with the average at fourteen days. The experimental 
disease in monkeys demonstrated in the hands of Flexner and 
Lewis an average incubation period of 9.82 days. This was cal¬ 
culated from the time of inoculation until the first symptoms 
of paralysis occurred. It is not thought that the incubation 
period in human beings varies much from that in monkeys. 

Symptoms .—In monkeys there is no immediate effect following 
the inoculation. Nothing unusual is noticed until six to forty- 
eight hours preceding the onset of paralysis. The animals then 
may show certain prodromal manifestations. These consist of 
nervousness and excitability, tremor of the head, face, or limbs, 
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shifting gaze, hairs somewhat erect, and the animals prefer to 
remain quiet. The paralysis develops suddenly. Flexner and 
Lewis say, “In general it may be stated that any of the larger 
groups of voluntary muscles may be first involved.” In eighty- 
one animals inoculated by these authors forty monkeys developed 
paralysis in the left leg, twenty-one in the left arm, ten in all 
four limbs, and eight monkeys showed bulbar and cerebral symp¬ 
toms. With the development of paralysis in a large group of 
muscles, other muscles may be found weak or paralyzed. The 
paralysis is associated with marked incoordination resulting in 
violent pseudoconvulsions; epileptiform convulsions with tonic 
and clonic muscle spasms; and finally, according to Flexner and 
Lewis, sudden death of the apoplectiform type. These authors 
state that death has occurred within thirty minutes of the first 
appearance of cerebral symptoms. 

In the naturally occurring disease in human beings the disease 
comes on suddenly and is characterized by fever, irritability, and 
in many cases with nausea and vomiting. Paralysis usually 
appears within three or four days. In some cases the paral¬ 
ysis is the first symptom noted; abortive attacks without paral¬ 
ysis may occur in epidemics. During the acute stages of the 
disease the spinal fluid contains an increased number of cells, 
usually two hundred or more, and an increase in globulin. Paral¬ 
ysis usually remains stationary for a few weeks, improvement 
is gradual, but in some cases recovery takes place within a few 
months. Eesidual paralysis is usually permanent, but improve¬ 
ment may follow with proper treatment. 

Animals susceptible to the virus .—Man is apparently the na¬ 
tural host for infantile paralysis. Monkeys of many different 
kinds are susceptible to the virus. Flexner and Lewis were 
unable to infect guinea pigs, rabbits, horses, calves, goats, pigs, 
sheep, rats, mice, dogs, or cats with this virus. Man and mon¬ 
keys alone remain susceptible. 

Immunity. —One attack of infantile paralysis confers a high 
degree of immunity. Second attacks have been reported but are 
rare. As mentioned above Flexner and Lewis found that mon¬ 
keys which had recovered from an attack of the disease were 
immune. The serum of immune monkeys possesses virucidal 
properties for the virus in vitro. There is no racial immunity 
to poliomyelitis; the majority of cases have occurred in whites. 
Various preparations of infected nerve tissue have been tried for 
vaccination, such as desiccated cord, heated cord emulsions, and 



39,1-4 McKinley: Filterable Virus Diseases 143 

chemically treated emulsions. None of these has been suffi¬ 
ciently established to warrant its use in human beings. A serum 
in horses has been prepared but its preventive and treatment 
qualities have not been studied sufficiently to make any state¬ 
ment regarding its use. 

Recently Shaw and Thelander(23) have reported the intra¬ 
muscular use of convalescent serum in the treatment of polio¬ 
myelitis. These authors studied a series of eighty-one cases 
of the disease of which forty-three received convalescent serum 
intramuscularly during the active stage of the disease. They 
conclude that the use of convalescent poliomyelitis serum early 
in the course of the disease is of distinct value provided suffi¬ 
ciently large doses are used, and, if necessary, repeated doses of 
potent serum are administered. That the results as pointed 
out by Shaw and Thelander are in line with scientific investiga¬ 
tions is brought out in a paper by Flexner and Stewart (24) 
who state that the employment of convalescent serum in the 
early treatment of human cases of poliomyelitis is based on 
decisive experiments in monkeys. These authors state: 

These experiments are divisible into two classes,, in one of which proof 
was brought that the virus of poliomyelitis and convalescent serum mixed 
in vitro does not produce experimental poliomyelitis, and in the other of 
which it was shown that under controlled experimental conditions the 
intrameningeal injection of the convalescent serum, even as late as from 
eighteen to twenty-four hours after an intracerebral injection of the virus, 
sufficed to prevent an otherwise certain development of the paralytic ex¬ 
perimental disease. 

Flexner and Stewart make a plea that should poliomyelitis 
occur in individuals previously injected with convalescent serum 
it is to be hoped that the facts will be published for future 
guidance and information. As in the case of some of the other 
filterable virus diseases it begins to appear that convalescent 
serum in poliomyelitis may prove a means of successfully treat¬ 
ing and preventing the spread of this tragic condition. 

Transmission .—There are many theories regarding the trans¬ 
mission of this disease. There is evidence that the disease is 
spread from person to person and that healthy carriers of the 
virus may exist. Flexner and Amossd”) have shown that the 
virus is present in the nasopharynx of both monkeys and human 
cases of infantile paralysis early in the course of the disease. 
Other investigators have also found the nasopharynx of monkeys 
infected following experimental inoculation {Osgood and Lucas). 
Rosenau, Sheppard, and Amoss(iS) were unable to demonstrate 



144 


The Philippine Journal of Science 


1929 


the virus in the nasal or oral cavities in convalescent cases. 
Amoss and Taylor (19) were able to produce infection by placing 
the virus upon this membrane. 

Other theories of transmission have been, considered; such as, 
the insect-borne theory, milk-borne infection, air-borne theory, 
the animal-reservoir theory, transmission through wounds, etc. 

Rosenau and Brues(20) have demonstrated that the virus may 
be transmitted from monkey to monkey through the bite of the 
stable fly. This work was confirmed by Anderson and Frost. (21) 
Epidemics have been described as being due to infected milk 
supply (1925 and 1926). It is possible to induce infection by 
way of the gastrointestinal tract, but it is not thought that 
infection usually takes place in this way. Neustaedter and 
Thro (22) have been able to induce infection in monkeys with 
dust collected from sick rooms and suggest this mode of trans¬ 
mission in certain cases. There is at present no evidence of a 
possible animal reservoir for the virus of poliomyelitis, and 
the theory of infection through wounds possesses nothing in its 
favor. It seems best to regard poliomyelitis as a contact disease, 
though many of its features cannot be explained upon this basis. 
Future epidemics may yield more-definite information upon this 
point. 

Pathology .—The anatomical changes found in monkeys have 
already been briefly described. In human beings the lesions are 
not only in the nervous tissues but also in the parenchymatous 
organs and lymphoid structures. In the nervous system the 
virus attacks the meninges particularly of the cord and medulla. 
There is a cellular inflammation of the pia most marked around 
the blood vessels. The walls of the vessels are also infiltrated 
and their lumen narrowed. The vessels entering the nerve tissue 
are also affected. Amemia, oedema, and haemorrhages result. 
The secondary degenerative changes in the nerve cells of the 
pons, medulla, cerebrum, and cord are secondary to the lesions 
in the vessels. Transient paralysis may be due to oedema or 
temporary vascular obstruction from pressure. Permanent pa¬ 
ralysis is due to degeneration and actual destruction of the gang¬ 
lion cells. Any part of the central nervous system may be 
involved. The symptoms depend upon the extent of this invol- 
ment. The changes are chiefly in the gray matter of the anterior 
horns and consist of acute degeneration. The nerve cells may 
disappear entirely, being replaced by leucocytes. Round-cell in¬ 
filtration may be noted in the posterior horns, the columns of 
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Clarke, and the white matter of the cord. Similar changes are 
also noted in the spinal ganglia. Also in some cases similar le¬ 
sions may be found in the pons, medulla, cerebellum, and cere¬ 
brum. In other organs lesions such as bronchopneumonia and 
acute parenchymatous degeneration of the liver and kidneys may 
be found. The thymus, Peyer’s patches, and the mesenteric 
lymph glands may be swollen. At autopsy gross changes are 
found in the spinal cord, ganglia, and muscles. The affected 
part of the cord may be smaller than normal, the anterior nerve 
roots are degenerated, the affected muscles atrophied. The af¬ 
fected limb may be shorter and the bones may be smaller than 
those on the normal side. 

Prevention. —Isolation of cases of this disease is indicated. 
All discharges should be properly disinfected. All articles with 
which the patient has come in contact should be sterilized. Visi¬ 
tors should not be permitted. Prophylactic Pasteurization of 
milk is indicated. In general common-sense methods of pre¬ 
vention apply. No definite program has been formulated by 
epidemiologists for the prevention of this disease, and prob¬ 
ably none will be until more exact knowledge of its spread and 
transmission is available. 
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DISTEMPER 

Dog ill; Pasteurellosis canum, Maladle pes chiens, Maladie du jeune 
age (French); Staupe der PIunde (German); Cimukro, Moccio ca- 
nino (Italian) 

Definition. —Distemper is an acute, contagious disease of 
young carnivorous animals. It is characterized by fever, acute 
catarrh of the mucous membranes, often followed by a catarrhal 
pneumonia and in some cases by involvement of the nervous 
system. 

History. —Distemper is said to have been introduced into 
Europe from Asia or Peru in the eighteenth century. Since 
that time this disease has appeared in all parts of the world but 
is still present chiefly in European countries. In 1905 Carre(l) 
established its etiology as a filterable virus, but Ferry(2) and 
McGowan (3) later described a bacterium as the cause of the 
disease and the true etiological agent has not been definitely 
decided. There is a general feeling on the part of investigators, 
however, that the causative agent is a filterable virus. 

Distribution of distemper. —The distribution of this disease 
is now quite general all over the world. The disease has been 
reported in practically every part of Europe, in North America, 
South America, Asia, Malay States, and the Philippines. 

Incubation period. —The incubation period in artificial infec¬ 
tion ranges from three to four days. It is somewhat longer in 
natural infection and is said to be as long as two weeks in some 
cases. 

Symptoms .—In the paracute form of the disease the symptoms 
come on suddenly. There is marked depression accompanied 
by high fever, and the animal becomes quickly exhausted. 
After two or three days the temperature becomes subnormal, 
the animal becomes comatose, and death soon follows. 

In the acute form the temperature rises to 40° C. or more and 
remains fairly high for one or even two weeks. It may, however, 
fall within a few days. If pneumonia develops the temperature 
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goes up again and falls to subnormal just before death. The 
animal at first becomes depressed, will not play or obey calls, 
and its appetite is impaired or lost altogether. The hair is 
roughened, and sudden noises startle the animal and he trem¬ 
bles all over. An acute catarrh of the respiratory passages 
develops, and the animal develops an itching sensation on the 
nostrils. The discharge, which is first serous but later purulent, 
is very irritating and may be streaked with blood. A cough 
develops which indicates involvement of the larynx and bronchi. 
Vomiting may follow, and respiration becomes difficult and very 
rapid due to the short excursions of the diaphragm. As pneu¬ 
monia develops catarrhal murmurs are heard over the chest wall. 
The eyes are frequently involved in the catarrhal process. They 
become swollen and finally shut. Keratitis and iritis may follow, 
the cornea becomes congested and the pupils become constricted. 

The intestinal catarrh develops early and may at first give 
rise to constipation and later to diarrhoea. The stools may be 
streaked with blood and mucus. The urine may contain albumin 
and casts. 

The nervous system is usually involved, and these symptoms 
may dominate the entire picture of the disease. Though the first 
symptom may be depression, the aminal has periods of marked 
excitement. Local and general muscular tremors and clonic 
spasm develop at times simulating epileptiform fits. These at¬ 
tacks exhaust the animal and usually lead to coma followed by 
death. The convulsions may become less frequent and finally dis¬ 
appear, but the animal is left with various degrees of paralysis 
of the extremities or local areas such as one side of the face, etc. 

In about half of the cases a pustular exanthema develops on 
the skin. These lesions may involve particularly the orifices of 
the body and due to irritation may develop into ulcers that are 
slow in healing. A generalized septic condition may follow the 
appearances of ulcerative lesions. As death approaches the 
animal becomes very emaciated; it passes into coma and dies in 
convulsions. 

Animals susceptible to the virus of distemper. —Dogs, par¬ 
ticularly young dogs, are chiefly affected with the virus of dis¬ 
temper. Older dogs are not very susceptible, and this is thought 
to be due to the fact that they have experienced a form of the 
disease when they were younger. The susceptibility of cats 
is not high. Horses are said to be affected with distemper, 
but the relation of the virus of distemper in dogs and the virus 
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of distemper in horses is not altogether clear. For the most 
part this disease may be considered a disease of dogs, and in 
all languages it is spoken of as dog sickness. 

The virus of distemper .—The opinion of Carre that distemper 
is caused by a filterable virus has already been alluded to. 
Carre’s experiments have been confirmed by Ligmeres.(i) Ac¬ 
cording to Carre the virus is present in the nasal discharge and 
in the blood early in the course of the disease. If such material 
is filtered and injected into a susceptible animal typical dis¬ 
temper is produced. Injected animals are found to have their 
pericardial sacs filled with a yellow serous fluid; and this fluid, 
if filtered and injected into other susceptible animals, is capable 
of producing the disease. SinigagliaO and Babes and Star- 
covici(6) have demonstrated small bodies, that measure from 1 
to 9 microns in size and closely resemble Negri bodies, in the 
epithelial cells of the respiratory tract, in the conjunctiva, in the 
Purkinje cells, in the nerve cells of the spinal cord, and in the 
ependyma cells of the walls of the ventricles. These authors 
believe these bodies to be parasites which develop from the virus 
granules. StandfussG) and Lentz(8) have also described bodies 
that they designate “distemper bodies,” which are found in the 
nerve cells and outside of them. Other authors regard these 
bodies as degenerated nerve cells. 

Ferry states that the nasal mucus of dogs affected with dis¬ 
temper contains a small, Gram-negative bacillus, and that this 
organism is found in the blood of affected animals in about 12 
per cent of cases. The introduction of this organism into the 
nasal cavity resulted in a disease closely simulating distemper. 
Animals naturally resistant to distemper were also resistant to 
this organism, and animals infected with this organism were 
later found to be immune to the natural disease when exposed 
to it in other animals. Serum from naturally infected dogs ag¬ 
glutinated this bacterium in a dilution as high as 1: 800, the same 
as the serum from artificially infected dogs. 

While this is strong evidence for the bacterial nature of this 
disease, it must be remembered that normal dogs harbor many 
kinds of bacteria which are not concerned in any disease process. 
Jensen(9) has found streptococci, staphylococci, and a bacillus 
similar to the influenza bacillus in normal dogs. Piorkowski (10) 
has described a slender capsulated bacillus in the tissues of 
healthy dogs, and Lignieres has demonstrated a small bipolar 
ovoid bacillus as a normal inhabitant. 



39 , 1-4 McKinley: Filterable Virus Diseases 149 

Since filtrates from the nasal secretion are capable of produc¬ 
ing the disease in susceptible animals opinion must lean to the 
filterable virus nature of the disease. According to this concept 
the bacterial form that has been described must be considered 
as a secondary invader. 

The infection occurs through direct and indirect contact with 
infected animals. Infection may occur through the ingestion of 
food and water contaminated with the virus, arid in addition 
there is evidence that it may occur by way of the respiratory 
tract. (Kelser.(H)) 

The virus of canine distempter is very susceptible to antisep¬ 
tics and is destroyed within twenty minutes after exposure to 
58° C. 

Immunity in canine distemper. —One attack of the disease con¬ 
fers a lasting immunity. Younger dogs are more susceptible to 
infection with the virus of distemper than are older dogs. All 
attempts to produce a vaccine for preventive measures or a 
serum for curative use have failed. The best these products can 
hope to offer at present is to increase the normal resistance of 
the animal by stimulating in a small measure the normal resist¬ 
ing powers in the sense of nonspecific protein therapy. 

Pathology. —The most notable anatomical changes in distem¬ 
per occur in the respiratory organs. The mucous membranes 
are covered with a seropurulent exudate and small purulent 
plugs may be expressed from the lung tissue. In most cases 
there is a catarrhal pneumonia. The pericardial sac is filled 
with a yellow serous fluid. The pleura may be covered with a 
fibrinous exudate. There is acute catarrh of the mucous lining 
of the gastrointestinal tract and ulceration may take place. The 
liver and kidneys show parenchymatous degeneration. The eyes 
in addition to the catarrhal condition may show keratitis and in 
rare cases a panophthalmitis. Dexler(l2) describes the changes 
in the nervous system as consisting of a marked myelitis and 
poliomyelitis. The inflammatory foci are present everywhere 
in the nervous system. 

Control measures. —Common sense in isolating infected ani¬ 
mals and preventing the transportation and importation of in¬ 
fected animals is indicated. There is no satisfactory, established 
method of inducing artificial immunity. 

Distemper in cats. —While young cats are susceptible to the 
virus of distemper, the disease is less common in cats than in 
dogs. In cats the nervous symptoms are not so marked as in 
dogs, and the exanthema is said not to occur in the cat. 



150 


The Philippine Journal of Science 


1929 


BIBLIOGRAPHY 

1 . Caere, Bull* de la Socicte eentr. de mod. vet. (Paris) (1905) 335; 

Rev. Gen. 7 (1906) 649; C. R. (1906) 962. 

2. Ferry, V. J. (1912) 376 (lit.). 

3. McGowan, Journ. Path, and Baet. 15 (1910). 

4 . Lignieres, Bull. (1900) 469 (lit.); Bull. (1906) 622; Physalix Bull. 

(1901) 131. 

5 . Sinigaglia, Atti del Congresso, Turin (1912) 256; Clinical Vet. (1912) 

421, 

6. Babes and Starcovici, C. R. Soc. de Biol. 73 (1912) 229, 

7. Standfuss, Arch. f. Thierheilkunde 34 (1908) 109. 

8. Lentz, Zeit. f. Hyg. u. Infckt. 62 (1909) 63. 

9. Jensen, Maanedsskr (1895-96). 

10. PIORKOWSKI, B. t. W. (1905) 830; (1906) 377. 

11. Kelser, Manual of Veterinary Bacteriology. Williams and Wilkins 

Co., Baltimore (1927). 

12. Dexler, Arb. d. Wiener Inst. L Nervenanat (1892); I). t. W. (1909) 

313 (lit.). 

other references 

Goldberg and Volgenau, Cornell Vev. 15 (1925) 181. 

Rantorowicz and Lewy, Arch. f. wissensch, u. prakt, Tierheilk 49 (1922- 
23) 137. 

Roman and Lapp, Journ. Am. Vet. Med. Assoc. 66 (1924-25) 612. 
Sanfelice, Centralbl. f. Bakt. 76 (1915) 495. 

Jess, Zbl. f. Bakt. 25 (1899) 541. 

Wirth, T. Zbl. (1908) 200. 

Richter, Die Hundestaupe, Diss., Bern (1908), 

Kregenow, Zbl. f. Bakt., L (1909) 326 (lit.). 

Lamche, Diss., Zurich (1909). 

ILLUSTRATIONS 

Plate 9 

Fig. 1 . Characteristic, peculiar, watchful and disturbed expression of the 
face in rabies. 

2. Cervical ganglion of a dog affected with rabies. The nerve cells 
are partly atrophied, and in their place clumps of round cells 
appear. (After Van Gehuchten and Nelis; from Hutyra and 
Marek.) 

Plate 10 

Fig. 1 * Ammon’s horn of a dog dead of rabies; l f Negri bodies in ganglion 
cells; a free Negri body; $, fragments of red blood corpuscles; 
4, artery. (After Hutyra and Marek.) 

2 . Infectious.bulbar paralysis. Severe itching at the point of inocu¬ 
lation following subcutaneous infection. (After Schmiedhoffer; 
from Hutyra and Marek.) 

Plate 11 

Fig. V Herpes simplex facialis. (From HartzelL) 

2 . Herpes simplex. (From Hartzell.) 
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Fig. 1. Characteristic, peculiar, watchful and disturbed expression of the face. 2. Cervical 
ganglion of a dog affected with rabies. 
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Fig. 1. Ammon’s horn of a dog dead of rabies. 2. infectious bulbar paralysis. 
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Herpes simplex facialis, 2. Herpes simplex. 3. Experimental herpes encephalitis 
4. Experimental encephalitis with herpes virus (Beckley strain). 
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Fig. 1. Old case of infantile spinal paralysis. 2. Microorganism causing epidemic poliomyelitis. 

PLATE 12. 
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Fig. 3. Experimental herpes encephalitis in a rabbit, the fourth day fol¬ 
lowing infection. 

4. Experimental encephalitis in a rabbit with herpes virus (Beekley 
strain). 

Plate 12 

Fig. 1. Old case of infantile spinal paralysis, showing atrophy of the 
thigh and leg, and characteristic deformity of the foot (After 
Holt.) 

2. Microorganism causing epidemic poliomyelitis. (After Flexner 
and Noguchi.) 



Chapter Y 


BACTERIAL DISEASES OF MAN AND ANIMALS 
(FILTERABLE) 

SCARLET FEVER: SCARLATINA 

Definition .—Scarlet fever is an acute, contagious, self-limited 
disease. It is characterized by fever, sore throat, and an ery¬ 
thematous rash appearing first upon the neck and spreading 
rapidly over the entire body. For many years this disease has 
been classified with the group of filterable virus diseases, al¬ 
though it has long been known that a streptococcus was asso¬ 
ciated with it. Adequate proof of the etiological significance 
of the streptococcus in scarlet fever was lacking, however, until 
the Work of Dick and DickU) in 1921 to 1924, which has ap¬ 
parently settled the etiology of the disease. For the time being 
scarlet fever remains classified with the filterable group of 
diseases as one of bacterial origin. 

History and distribution. —Vaughan(2) has published a very 
illuminating treatise on the history of this disease, and accord¬ 
ing to this writer the first definite records of scarlet fever were 
published in 1560. Vaughan states— 

An attempt has been made, notably by Malfatti, to ascribe the terrible 
epidemic, so vividly depicted by Thucydides, that swept Athens about 430 
B. C. to scarlet fever, but we can find no reason for such a claim. Others 
have sought evidences of scarlet fever in the writings of Hippocrates, but 
the results of these researches have not been satisfactory. There is cer¬ 
tainly no description given by the father of medicine of a disease which 
can be identified as scarlet fever. * * * The first description of the 
disease sufficiently definite to distinguish between it and measles was writ¬ 
ten by Ingrassias, of Palermo, (1560). In 1574 Baillou, under the name of 
rubiolae, described an epidemic in Paris and differentiated it from measles. 
A similar description by Coythar, of Poitiers, appeared in 1578. * * * 

We are indebted to Sydenham, who, in 1665 named and described this 
disease, thus giving it a definite and permanent place in the list of specific 
diseases. 

In 1735 there was an epidemic of scarlet fever in New Eng¬ 
land which was spoken of as “throat distemper.” In the fol¬ 
lowing year Douglas described this disease as it existed in 
Boston, In 1789, according to Vaughan, Bard described scarlet 
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fever as it occurred in New York, but Vaughan believes that the 
disease observed by Bard must have been laryngeal diphtheria. 
Since the eighteenth century epidemics of scarlet fever have 
been known in the United States and Europe, and to-day the 
disease exists in practically all temperate climates. For some 
unexplained reason scarlet fever is comparatively rare in trop¬ 
ical countries. Though it has been introduced into tropical 
countries, it does not spread. It is rare in India and South 
America, and in the Philippines it is seen chiefly in newly arrived 
Americans or other foreigners when it is seen at all. Other 
exanthematous diseases are not so rare, and the explanation 
for the comparative absence of scarlet fever remains obscure. 
Scarlet fever is a cold-weather disease. No explanation has been 
offered as to why scarlet fever should not appear in tropical 
countries or why the natives of these countries should possess 
an apparent immunity. It has occurred to us that metabolism 
in tropical countries might possibly be the reason for this. It 
is well known that fatty acids possess a high neutralizing power 
far bacterial toxins such as the haemolytic streptococcus toxin 
of scarlet fever and the toxin of the diphtheria bacillus. In 
tropical countries little carbon is needed to maintain body heat 
and fats must be stored or utilized for other purposes. The 
suggestion is that through some metabolic process that differs 
from the usual metabolism of fats in temperate climates fatty 
acids become available for other purposes; for example, the 
neutralization of bacterial toxins. It is known, however, that 
other exanthematous diseases, such as measles, smallpox, and 
varicella, are not uncommon, and one might ask why the explana¬ 
tion offered for scarlet fever and diphtheria does not apply to 
these other conditions. In any event experimental proof of 
such a hypothesis is necessary before it is to be considered seri¬ 
ously. Whether or not melanin (containing sulphur) pigment 
possesses any neutralizing properties for bacterial toxins is not 
known. Possibly in colored skins this may be a factor. Strep¬ 
tococcus infections in general are less frequent in tropical coun¬ 
tries than in temperate zones, which suggests that the family 
of streptococci does not find in these countries favorable condi¬ 
tions for growth and maintenance of virulence. These questions 
should receive more consideration from the standpoint of re¬ 
search in the future than they have in the past, and a solution 
of the problem may give new light on the more fundamental 
concepts of infection and immunity. 
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The vims of scarlet fever .—In 1885, Klein (3) described a 
streptococcus, which he isolated from the throat of a scarlet- 
fever patient, and designated it Streptococcus scarlatina. While 
the group of microorganisms designated as streptococci was 
known at this time, suitable methods in technic that would per¬ 
mit the grouping of these organisms into different strains had 
not been developed. It is only within recent years that the 
streptococci have been fairly accurately classified. It will be 
recalled that Pasteur (1879) had already pointed out the etiol¬ 
ogical significance of certain streptococci in puerperal sepsis, 
and organisms of this type had been described for other con¬ 
ditions; such as, erysipelas, septicaemia, lymphangitis, and 
abscesses. Also streptococci were found to be present in the 
throats of patients having measles, smallpox, influenza, pneu¬ 
monia, and sinusitis. As a consequence of its general distribu¬ 
tion the streptococcus etiology of Klein for scarlet fever could 
not stand, and the streptococcus was regarded by contemporary 
authorities as a secondary invader and probably without etiologic 
significance. 

Further, it was known that scarlet fever produced an im¬ 
munity against subsequent attacks, while other streptococcus 
infections produced little or no immunity. For this reason and 
the fact that the scarlet-fever streptococcus could not be dif¬ 
ferentiated from other streptococci, the strepotcoccus etiology 
of scarlet fever was discredited. 

Baginsky and Sommerfeld(4) in 1900 demonstrated strep¬ 
tococci in the throats of seven hundred cases of scarlet fever. 
Moser(5) in 1902 prepared a polyvalent antitoxic serum with 
streptococci injected into horses, and this serum apparently gave 
some very promising results when tested on early cases of scarlet 
fever. Similar results were obtained in the hands of Schick. (6) 
That filtered broth cultures of streptococci obtanied from scarlet- 
fever cases contained a toxin was demonstrated by Savchenko (7) 
in 1905. This work was followed by that of Gabritschewsky(8) 
in 1907, who attempted to prepare a vaccine from broth cultures 
of streptococci. This vaccine had some prophylactic value, but 
the method of immunization never came into general use. This 
investigator found that about 15 per cent of children who re¬ 
ceived subcutaneous injections of small amounts of culture fluid 
developed a rash, sore throat, and strawberry tongue. When 
his material was administered to children who had recovered 
from an attack of scarlet fever no rash was produced. Un- 



39,1-4 McKinley: Filterable Virus Diseases 155 

doubtedly this investigator was working with the toxin of the 
scarlet-fever streptococcus. 

In 1918 Schultz and Charlton (9) discovered the interesting 
fact that convalescent scarlet-fever serum when injected into 
the skin of scarlet-fever cases produces a blanching. This has 
since been known as the Schultz-Charlton reaction. More re¬ 
cently Blake(10) has shown that of one hundred thirty-two cases 
of scarlet fever ninety-seven, or 72.5 per cent, gave this reac¬ 
tion, and this percentage would probably have been higher had 
every case been tested early in the course of the disease, and 
had the specific serums not been too highly diluted in some in¬ 
stances. It now appears to be well established that this reaction 
is specific for scarlet fever. 

Dochez and Bliss dD in 1920 studied the agglutination prop¬ 
erties of streptococci and found that the hsemolytic streptococci 
of scarlet fever belong to a distinct group. Similar results were 
obtained by Tunnicliff.(l2) In 1924 Dochez (13) produced an 
antitoxin for scarlet fever by injecting streptococci into a mass 
of agar-agar previously injected into horses. This antitoxin 
possesses definite therapeutic properties. Zinsser modified this 
tec hni c by injecting into horses freshly infected blood before 
clotting had taken place. 

From 1921 to 1924 there was a series of papers by Dick and 
Dick, of Chicago, who reported the experimental production of 
scarlet fever with pure cultures of hsemolytic streptococci in 
volunteers. These investigators found that not all haemolytic 
streptococci associated with scarlet fever are of the same type 
and that the streptococcus found in the throat of scarlet-fever 
patients is rarely present in the blood stream. The toxin pro¬ 
duced by their streptococci was found in filtered broth cultures 
of the virus, and typical symptoms of scarlet fever followed the 
introduction of this toxin into susceptible volunteers. The toxin 
is heat resistant and is neutralized by convalescent scarlet-fever 
serum. Susceptible human beings may be immunized against 
scarlet fever by the use of hsemolytic streptococcus toxin. In 
horses a therapeutic antitoxin is produced following the ad¬ 
ministration of toxin. By the so-called Dick test they have been 
able to prove the specificity of their virus, and this test has 
also served in the differential diagnosis of scarlet fever from 
other exanthematous diseases. 

There is evidence that more than one strain of scarlet-fever 
streptococcus exists, and the typing of these strains will require 
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careful attention in future investigations upon the subject. 
While the evidence in favor of the haemolytic streptococcus etiol¬ 
ogy of scarlet fever is fairly complete, there still remains doubt 
in some quarters that scarlet fever is caused by a streptococcus 
and there are still some who regard the streptococcus as a 
secondary invader and favor the theory that scarlet fever is in 
reality caused by a filterable virus. The evidence does not sup¬ 
port the latter conception. Some strains of streptococci are 
filterable, and upon this basis it is permissible to consider scarlet 
fever as one of the filterable group of diseases of bacterial origin 
but certainly not one of the ultramicroscopic viruses. 

Smirnowa-Zamkowa(i4) has recently described certain minute 
oxyphil bodies in the tissues and the bile of persons dead of 
scarlet fever. These bodies stain with eosin, and cultures that 
were positive through several transfers when injected into rab¬ 
bits gave rise to similar bodies in several animal passages. 
These bodies are apparently attached to the red blood cell and 
are highly retractile. This author believes that these bodies 
represent the actual virus of scarlet fever and that they prepare 
the soil for invasion of the streptococcus universally present in 
the disease. It will be remembered that Mallory (15) in 1904-05 
described certain protozoanlike bodies in four cases of scarlet 
fever. So-called inclusion bodies in scarlet fever were also 
described by Hoefer(26) and by Macewen(27) a few years later. 
Mallory later discarded his protozoan theory of scarlet fever 
and reported a bacillus (Bacillus scarlatina}) as the cause of 
the disease. Confirmation of this work has been wanting 
however. 

Stevens and Dochez(i6) have recently shown that throat in¬ 
fections with Streptococcus scarlatinas may occur in persons who 
have previously had scarlet fever, and Nicholls(H) has been 
able to demonstrate the presence of the infecting agent of this 
disease three weeks after the onset of the disease. Eagls(i8) 
in England finds that all strains of haemolytic streptococci from 
scarlet fever produce toxic filtrates and that these filtrates are 
neutralized by scarlet-fever horse serum. The relation between 
the streptococci of scarlet fever and those of erysipelas and puer¬ 
peral fever is pointed out by this author. Vas(i9) has con¬ 
firmed the specificity of the Dick test for susceptibility to scarlet 
fever, and Smith and Taylor(20) believe that the Dick test will 
in time be as firmly established in relation to scarlet fever as 
the Schick test is in relation to diphtheria. Smith (21) has been 
able to divide into two types the haemolytic streptococci obtained 
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from two hundred ten cases of scarlet fever by serological 
methods. In this study Smith found that type I was present 
in one hundred nineteen cases and type II was obtained from 
fifty-seven cases. This author isolated streptococci from 92 per 
cent of two hundred ten cases. 

Regardless of the current doubts upon the streptococcus etiol¬ 
ogy of scarlet fever we must conclude that hsemolytic strepto¬ 
cocci appear to be the true cause of this disease. Pertinent ex¬ 
perimental data will be necessary to discredit this. 

Incubation period of scarlet fever. —In 87 per cent of one 
hundred thirteen carefully selected cases Holt (22) has determined 
the incubation period of scarlet fever as ranging between two 
and six days. He states that ‘'speaking generally if, after 
exposure, a week passes without symptoms, the chances of infec¬ 
tion are very small.” 

Symptoms of scarlet fever. —As a rule the onset of the disease 
is abrupt. In most cases there is vomiting, rapid rise in tem¬ 
perature, and sore throat. In severe cases the temperature rises 
to 104 or 105° F., but in mild cases it may not exceed 101° F. 
Usually the throat presents evidences of simple inflammation, 
but in some cases there may be membranous patches. The 
eruption appears from twelve to thirty-six hours after the first 
symptoms begin. In some cases the eruption does not appear 
for four or five days, but this is rare. The rash is fully devel¬ 
oped within twenty-four hours after its appearance. It per¬ 
sists from three to seven days. The rash appears first upon 
the neck and chest, and consists of very minute points upon a 
reddish background giving the appearance of a uniform blush. 
Later the rash covers the entire body except the face, and 
even in severe cases the central part of the face escapes. Often 
the rash is too faint to be easily recognized. A well-developed 
bright rash usually indicates strong heart action, and a sudden 
recession of the rash is a sign of heart failure. (Holt.) 

The rash is accompanied by intense itching and burning, and 
in some eases marked swelling of the hands and the face. On 
or about the eighth day shortly after the rash has faded, there 
is noted an exfoliation of the dead epidermis. This is spoken of 
as the stage of desquamation. Desquamation may last from 
three to seven weeks or longer. The chief complications of 
scarlet fever are otitis, adenitis, membranous inflammations of 
the pharynx or larynx, and nephritis. Under five years of age 
the average mortality from scarlet fever is between 20 and 30 
per cent. 
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Animals susceptible to scarlet-fever vims .—Man is the na¬ 
tural host for the infectious agent of this disease. Experi¬ 
mental scarlet fever in other mammals has been very unsatisfac¬ 
tory. None has been found that when inoculated with material 
from cases of the disease will develop symptoms typical of scarlet 
fever. 

Immunity .—As a rule one attack of scarlet fever confers im¬ 
munity for life. Second attacks have been observed in a few 
isolated instances in which the observation is thought to be 
beyond question. Relapses and recurrences within a short time 
after an attack of the disease also occur, but before sufficient 
time has elapsed to have established a high degree of immunity. 
That there is a natural and racial immunity to scarlet fever 
is indicated by its relative absence from certain parts of the 
world, notably the Tropics. According to Sherwood, Noble, 
Nigg, and Baumgartner (23) American Indians have a high de¬ 
gree of natural immunity to scarlet fever, although they are 
susceptible to other exanthematous diseases. While skin tests 
indicated that during the early years Indians are apparently 
as susceptible to scarlet fever as white children, as the Indian 
reaches maturity his immunity is much greater. Human beings 
may be immunized against scarlet fever by the streptococcus 
toxin elaborated by haemolytic streptococci isolated from cases 
of the disease. Antitoxin has been produced in horses and 
possesses a definite therapeutic value. 

Pathology .—The pathology in uncomplicated cases of scarlet 
fever is limited to the throat and skin. Except in the haemorrha¬ 
gic form, the skin after death shows no traces of the rash. 
There are no specific lessions. (Osier.) In the throat the 
changes consist of simple inflammation, follicular tonsillitis, and 
in extreme cases, diphtheroid angina. There may be lym¬ 
phadenitis and oedema of the tissues of the neck. The lymph 
glands may show hyperplasia, and the spleen, liver, and kidneys 
evidences of focal necrosis. Pericarditis and endocarditis occur 
as well as myocarditis in some cases. Other anatomical changes 
depend largely upon complications and are not a part of uncom¬ 
plicated scarlet fever. 

Prevention .—Prevention of scarlet fever depends upon early 
diagnosis, isolation, and prophylaxis. All cases of this disease 
should be isolated. Susceptible individuals may be immunized 
with antitoxin (passive immunity) or with toxin (active im¬ 
munity). Convalescent human serum may also be employed 
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for immunization (passive immunity). The Dick test should 
be applied to exposed cases and for diagnosis in doubtful cases. 

The Dick test is quite similar to the Schick test. A small 
quantity of the specific haemolytic streptococcus toxin is in¬ 
jected into the skin. This amount is usually 0.1 cubic centi¬ 
meter in quantity of a dilution of toxin which produces a 
typical reaction. Susceptibility is indicated by a positive re¬ 
action, while a negative reaction signifies immunity to scarlet 
fever. The reaction appears in about six hours and is fully 
developed eighteen to thirty-six hours later. It consists of a 
circular area of redness, and swelling in some cases. It usually 
subsides very rapidly. Pseudoreactions occur that are very 
difficult to distinguish from true reactions. This test possesses 
definite diagnostic value. 

For the production of active immunity it is recommended by 
Young and Orr(24) that three injections of toxin be given be¬ 
ginning with 500 skin doses for the first injection, 5,000 for the 
second, and 30,000 skin test doses for the third. The injections 
are given at intervals of two weeks. Immunity produced in 
this way is believed to last about two years. Passive immunity, 
while of value, is of very short duration and is not believed to 
persist more than a few weeks. 

Isolation of cases of scarlet fever should be established for 
at least three weeks after the onset of symptoms, and in most 
cities of the United States the regulations require thirty days. 
Kanevskaya(25) has recently demonstrated the presence of strep¬ 
tococci in the scales during the stage of desquamation in scarlet 
fever. In thirty cases this author found haemolytic streptococci 
and states that by the thirtieth day of the disease the strep¬ 
tococci have disappeared from the scales in most cases. He is 
inclined to the view that the streptococci in the scales have their 
origin not in the skin, but in the blood stream. If this be true 
it would appear that health units should advocate at least a 30- 
day period of detention for these cases. Hospitalization, closing 
of schools in severe epidemics, Pasteurization of milk, good 
nursing, and proper disinfection will all contribute to the lower¬ 
ing of the mortality and spread of scarlet fever. 
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OROYA FEVER AND VERRUGA PERUVIANA: CARRION’S DISEASE 

Definition. —Oroya fever and verruga Peruviana are ap¬ 
parently the manifestations of one and the same disease. This 
disease is characterized by an acute specific fever, rapidly de¬ 
veloping ansemia of the pernicious type, tenderness over the 
blood-forming tissues, and a granulomatous eruption of extreme 
chronicity which is associated with the fever, the joint pains, 
and haemorrhages. 

History and distribution. —This disease has long been endemic 
in certain valleys of the Andes in Peru. It is said to exist 
between the ninth and sixteenth parallels of south latitude, 
and at an elevation of from 3,000 to 10,000 feet on the western 
slopes of the Andes. Apparently the disease is confined to cer¬ 
tain hot, narrow valleys, the inhabitants of neighboring places 
being exempt. (Manson.) According to the natives in this 
region the disease-may be acquired by merely passing through 
the endemic districts, and especially if the traveller passes the 
night there. In 1885 Carrion, who thought the disease verruga 
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Peruviana was communicable, inoculated himself and died a 
month later with a febrile disease that is now known to have 
been Oroya fever. The disease has since been designated Ca¬ 
rrion’s disease in honor of this investigator who gave his life 
to it. During the last century it was thought that these two 
conditions were only different manifestations of the same disease, 
the verruga being a later stage of Oroya fever. This opinion 
held sway until 1913 to 1915 when Strong(l) and his associates 
on the Harvard Commission published the report of their ex¬ 
pedition to South America. In this report the commission re¬ 
ported their experiments with verruga Peruviana in which a 
volunteer was inoculated with verruga Peruviana material and 
sixteen days later developed verrucose lesions without the 
fever or anosmia that is characteristic of Oroya fever. They 
concluded that the two conditions were not the same disease, 
since each differs from the other markedly in its clinical mani¬ 
festations. The commission recognized that the two conditions 
are endemic in the same localities and suggested that the two 
conditions are found in the same individual, suggesting in this 
way a common etiology. 

It appears now that these two conditions are merely manifesta¬ 
tions of the same disease, and strong evidence to support this 
view has been presented recently by Noguchi. (2) 

The virus of Oroya fever and verruga Peruviana. —In 1909 
Barton(S) described small rodlike bodies in the red blood cells 
and in endothelial cells of the lymphatic glands from cases of 
Oroya fever. These bodies were regarded by Barton as of pro¬ 
tozoal origin and w T ere later termed by the Harvard Commission 
Bartonella bacilliformis. Strong has regarded them as protista, 
related to Gmhamella, and the probable cause of the disease. 
Odriozola(4) had associated these two conditions in 1896 and 
stated that Oroya fever may appear in a patient having verruga 
Peruviana, or verruga Peruviana may occur in a patient having 
Oroya fever, or the two may occur in the same patient simul¬ 
taneously. The Harvard Commission found that they could 
transmit verruga Peruviana from man to man and to monkeys 
by rubbing into the eyebrow the material from a verruga granu¬ 
loma. In 1913 da Rocha Lima(5) reported the presence of 
minute granules in the endothelial cells of the granulomatous le¬ 
sions whieh could be stained by the Giemsa or the Levaditi meth¬ 
od. These granules were regarded as Chlamydozoa-like bodies, 
and since such inclusion bodies have been demonstrated in several 
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filterable virus diseases, the possibility of the filterable nature 
of the causative agent in verruga Peruviana was suggested. 
The work of the Harvard Commission, however, indicates that 
the causative agent of this condition is too large to pass through 
a filter, since they found their filtrates noninfective. Strong 
has also shown that there is a cloudiness produced in tubes of 
Noguchi’s medium inoculated with verruga material and further 
that he is able artificially to immunize monkeys against this 
disease. 

Bartonella bacilliformis somewhat resembles a piroplasm, 
Theileria parva, as it is seen during its life cycle in the lymphatic 
gland, and in blood smears these organisms may be very numer¬ 
ous. They occur as rod-shaped bodies and as rounded, oval, or 
pear-shaped bodies, which stain an intense blue with Romanow- 
sky. Frequently chains and branching forms are observed. 

In 1926-27 Noguchi published a series of papers dealing with 
the etiology of these two conditions. From the blood of a pa¬ 
tient having Oroya fever, who later died of the disease, Noguchi 
obtained a pure culture of Bartonella bacilliformis, which he 
grew on semisolid Leptospira medium and also on slant agar 
containing animal blood. The organism is an obligate aerobe, is 
Gram negative, and under certain conditions is motile. Intra¬ 
venous injection of cultures of this organism into young ma¬ 
caques, according to Noguchi, induces a prolonged irregularly 
intermittent fever. The organism is detected in the blood cor¬ 
puscles of the injected monkey and Noguchi states “reproducing 
the precise appearances observed in human cases of Oroya fever.” 
The intradermal inoculation of this culture into the eyebrow of 
young macaques induces nodular formations, which are rich in 
new blood vessels and the bacilliform organism is found within 
the endothelial cells. The organism can be cultured from these 
nodules. According to this author Bartonella bacilliformis re¬ 
sists 4° C. for one hundred fifty-two days; it remains viable 
in the excised nodule for fifty-six days at 4° C. and for twenty- 
eight days at room temperature; the organism remains motile for 
about two weeks in a suitable medium. In other experiments 
Noguchi demonstrated that the symptoms and the lesions pro¬ 
duced in the chimpanzee and orang-utan with Bartonella bacil¬ 
liformis are far milder than those produced in rhesus monkeys 
and are not as characteristic of Oroya fever and verruga as it 
occurs in human beings. This author also succeeded in trans¬ 
mitting the infection by means of a tick, Dermacentor ander- 
soni, to normal rhesus monkeys and recovered the infecting or- 
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ganism from the lymph nodes and blood of the infected animals. 
In 1927 Noguchi reported that monkeys, which had recovered 
from the Oroya strain of Bartonella bacilliformis, were found 
immune when tested with the verruga strain of Bartonella bacil¬ 
liformis as well as against the homologous strain. 

These experiments of Noguchi indicate that Oroya fever and 
veruga Peruviana are one and the same disease and that the 
character of the disease produced in monkeys depends upon 
the route of inoculation; further, that the cause of the disease 
is Bartonella bacilliformis and that this organism can be isol¬ 
ated from either Oroya fever when it exists alone or from 
verruga Peruviana when it is the only indication of the disease. 
Cross-immunity experiments have established the identity of the 
microbe obtained from each type of the disease. 

While these experiments apparently settle the question of the 
etiology of Oroya fever and verruga Peruviana, thorough study 
on the filtrability of this agent has not been made to a point 
where it can be said definitely that filterable forms of the virus 
do not exist. It is probable that with confirmation of this nota¬ 
ble piece of work this disease will be eliminated from the list 
of diseases known or thought to be caused by filterable agents. 
For the present it has been thought wise to include this disease 
in the present review. 

There is some indication that Oroya fever is transmitted to 
man through the agency of some insect, but except for the ex¬ 
perimental transmission of the disease to monkeys by the tick 
Dermacentor andersoni this theory has not been established. 

Incubation period of Oroya fever and verruga Peruviana .—In 
the natural infection, the form of this disease known as Oroya 
fever has an incubation period of about three weeks while ver¬ 
ruga requires an incubation period ranging from ten to forty- 
five days. In one of Noguchi’s monkeys (monkey 25), in which 
he obtained the simultaneous occurrence of severe symptoms of 
both veruga and Oroya fever, the incubation period was fifteen 
days. 

Symptoms of Oroya fever and verruga Peruviana .—That this 
disease exists in tw r o forms is well recognized. The essential 
symptoms of Oroya fever are malaise; pains in the head, the 
joints, and the long bones; an irregular fever; and a rapidly 
developing anaemia of the pernicious type. In this type of the 
disease the spleen and the liver are enlarged and tender. The 
mortality ranges from 10 to 40 per cent, resulting usually within 
two or three weeks after the onset of symptoms and in some 
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cases ending in delirium. The verruga type of the disease is 
also characterized by rheumatic pains and initial fever. The 
eruption is either miliary or nodular, sparse or abundant, dis¬ 
crete or confluent. Usually the eruption begins as a macule, 
later becoming dark in color and nodular. These nodules may 
be flat or slightly pedunculated. Individual lesions may be¬ 
come very large and when strangulated become a source of 
danger from haemorrhage. The lesions appear both superfi¬ 
cially in the skin and also upon mucous membranes (mouth, 
(esophagus, stomach, intestines, bladder, uterus, and vagina), 
which may be followed by hsematemesis, melama, hiematuria, 
and bleeding from the vagina. Dysphagia is a common symp¬ 
tom. This type of the disease may extend over a period of two 
or three months. 

Animals susceptible. —Man is the natural host for the virus 
of Oroya fever and verruga Peruviana. Monkeys have been 
experimentally infected, and rabbits and dogs are said to be 
susceptible. 

Immunity. —There is both a natural and an acquired im¬ 
munity to this disease. Noguchi produced immunity in mon¬ 
keys to the viruses obtained from cases both of Oroya fever 
and verruga. Strong was able to produce artificial immunity 
to verruga in monkeys with graded doses of verrugous material. 

Pathology. —The characteristic feature in Oroya fever is the 
anaemia. The blood count may drop remarkably within three 
or four days, the blood picture simulating that of pernicious 
anaemia. At first there is a marked polymorphonuclear leuco- 
cytosis with a disapperance of eosinophils, and during the later 
eruptive stage an eosinophilia with a mononuclear leucocytosis. 
(Manson.) There are areas of degeneration and central necro¬ 
sis in the liver and spleen. The lymph glands exhibit large 
macrophage endothelial cells containing rod-shaped bodies ( Bar¬ 
tonella bacilliformis) . In verruga the changes consist of proli¬ 
feration of the endothelium of the lymphatic channels, which 
are filled with plasma cells and fibroblasts. The granulomatous 
tumors are vascular and prone to bleed profusely. Manson 
states that “a feature of the pathological histology is the forma¬ 
tion round the blood-vessels of nodules or angioblasts charac¬ 
teristic of the disease.” 

Control measures.— For the prevention of this disease it has 
been recommended that workmen should quit the endemic local¬ 
ity before sunset. It is said that the case incidence of the 
disease (Oroya fever) has been lowered in certain localities 
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following this measure. Possibly as a result of recent investiga¬ 
tions on the etiology of this disease some method of immuniza¬ 
tion may be devised. The search for a transmitting insect 
should be continued, and if found its eradication, of course, would 
be indicated. 
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ANJEMIA OP RATS 

Definition. —Anaemia of rats is characterized by a marked 
decrease in the number of red blood cells and a rapid drop in 
the haemoglobin content of the blood. The decrease in the num¬ 
ber of red blood cells and the amount of haemoglobin in the blood 
may take place within a few days, the affected rats often dying 
of the malady. Other rats recover, improvement often begin¬ 
ning suddenly with a marked shower of normoblasts. This 
affection has been thought by some investigators to be caused 
by a filterable virus and by other authorities is said to be due 
to an infection with Bartonella muris. 

The virus of rat ansemia. —It has been shown by a number 
of investigators that an ansemia develops in white rats follow¬ 
ing splenectomy. According to Mayer, Borchardt, and Ki~ 
kuth(i) this ansemia is thought to be due to a latent infection 
with Bartonella muris, which is apparently activated when the 
animal is splenectomized. These authors found Bartonella muris 
infection in rats to be fairly general in Hamburg. The infection 
has also been described in Viennese rats by Lauda (2) and by 
Nauck(3) in Peking. Haan, Lauda, and Sorge(4) have reported 
that the rats in southern Italy are not infected with organisms 
of the Bartonella group, but when these rats are injected with 
the organs of Viennese rats before splenectomy, they develop a 
characteristic ansemia after they have been splenectomized. 

Jaffe and Willis (5) in Illinois have recently examined two 
strains of rats for the presence of Bartonella muris. One of 
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these was a standard pedigreed strain from a local dealer. 
These authors state: 

Of the pedigreed rats all -which have so far been, tested have proved 
infected. The Bartonella appeared in the peripheral blood from four to 
five days after the splenectomy. Within two days the red count then 
dropped from 61 millions to 21 millions and the hemoglobin content de¬ 
creased from 100 % to 35%. There was a marked neutrophile leukocy¬ 
tosis. Some of the rats died during the severe attack of anemia; some 
recovered spontaneously. Recovery starts with a sudden and very marked 
shower of normoblasts. 

These authors further demonstrated the interesting fact that 
young rats of the pedigreed group of about four weeks of age 
showed numerous bartonellae in the blood stream before opera¬ 
tion. It has been pointed out by Lauda that they are rarely 
found in the blood stream of adult rats before operation and if 
present are very few. 

Jalfe and Willis found that the rats obtained on the market 
were apparently not generally infected. Only one rat of this 
group developed anaemia following splenectomy. Seven rats in 
all were tested. The rat that developed anaemia recovered com¬ 
pletely within three weeks. Two of the rats were starved for 
three days and showed bartonellae. One rat 'died of pneumonia 
but no bartonellae were found in the heart’s blood. These 
authors recommend the panoptic blood-staining method of Pap- 
penheim for the detection of bartonellae. They also employed 
a slightly alkaline Giemsa solution followed by decolorization in 
a 1 per cent sodium carbonate (Na 2 C0 3 ) solution. They state 
that bartonella is first visible between the red blood cells and is 
composed of a small biscuit-shaped body having two granules 
held together by a thin capsule. Later these bodies become 
attached to the surface of the red blood cells and appear as slen¬ 
der rods that stain blue and contain two small purple granules on 
both ends. Jaffe and Willis are not convinced that the parasites 
invade the interior of the red blood cells. They state that as 
many as thirty microorganisms may be attached to a single red 
blood cell and that a great variety of shapes arid sizes may be 
noted. 

It will be recalled that Bartonella bacilliform/ts has been shown 
by Noguchi and others to be the cause of Oroya fever and ver¬ 
ruga Peruviana and the organism has been cultivated by No¬ 
guchi upon semisolid leptospira medium and also on slant agar 
containing animal blood. Anaemia is also the characteristic 
feature of Oroya fever. Bartonella muris has not as yet been 
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cultivated artificially. While Bartonella bacilliformis of Oroya 
fever invades the interior of the erythrocyte, Bartonella muris 
of rat anaemia apparently does not. 

While the evidence is not complete, it strongly suggests that 
at least one form of anaemia of rats is caused by a Bartonella 
infection. Further investigations will be necessary to demon¬ 
strate whether or not filterable forms of Bartonella muris exist. 
Furthermore, an investigation of the relation of Bartonella 
muris and B. bacilliformis would be exceedingly interesting, since 
both are associated with diseases characterized by anaemia. 
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CONTAGIOUS PLEUROPNEUMONIA 

Lung plague; Lungenseuche der Binder (German) ; Peripneumonie 

CONTAGIEUSE (FRENCH) ; POLMONERA, PLEUROPOLMONITE ESSUDATIVA 

(Italian) 

Definition. —Contagious pleuropneumonia is defined by Hutyra 
and Marek as an acute or subacute, but sometimes chronic con¬ 
tagious disease of cattle, which is characterized by an exudative 
inflammation of the interlobular lymph vessels, and of the al¬ 
veolar tissue of the lungs, with a simultaneous, serofibrinous 
pleurisy. 

History. —In 1898 Nocard and Roux(i) discovered and arti¬ 
ficially cultivated the causative agent of this disease, which had 
been known in certain parts of Europe since the middle of the 
seventeenth century. Former workers have considered the 
disease a form of typhus in cattle, and some thought of this 
condition as a paralysis of the lungs. Notable contributions to 
the etiology of this disease have been made by Bordet, (2) 
Borrel,(3) and others. 

Distribution of the disease. —Contagious pleuropneumonia 
was known in the seventeenth century in Switzerland and ap¬ 
peared about that time in parts of Germany and France. Later 
it appeared in Belgium and Holland and spread to Austria 
and to England in 1841. In 1854 it was carried to South Africa, 
and in 1843 it spread from England to Sweden and North 
America. In 1858 it first appeared in Australia. In 1899 the 
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disease appeared in Russia, and in 1910 it became a very serious 
problem in Spain. About this time the disease spread to Asia, 
Queensland, New South Wales, Victoria, and South America. 
The disease has not appeared in the United States since 1892, 
though it was a serious menace in 1886 in certain states. At 
present it is prevalent in Russia, Spain, Africa, Australia, and 
Asia. 

Incubation period. —The incubation period following artificial 
infection (subcutaneous injection of the virus) ranges from six 
to seven days, following inhalation twelve to sixteen days, and 
corresponds to the incubation period in the natural infection. 

Symptoms of pleuropneumonia. —Under natural conditions the 
first symptom of the disease is a rise in body temperature of 
0.5 to 1°. Almost at once there is loss of appetite and dimin¬ 
ished milk secretion. A dry painful cough develops which be¬ 
comes more painful and more frequent, and in some animals a 
mucopurulent discharge comes from the nose. As the lung 
affection progresses, respiration becomes more difficult, the skin 
loses its elasticity, the hair become rough, constipation develops, 
and the animal becomes emaciated. Near the end of the disease 
the fever rises to 41 or 42° C. and a subcutaneous oedema de¬ 
velops over the chest and the abdominal walls. Pregnant ani¬ 
mals usually abort. The disease may terminate in death within 
a week but usually runs for four or five weeks. About half of 
the cases die of the disease. 

Animals susceptible to the virus of pleuropneumonia. —Cat¬ 
tle, buffaloes, reindeer, camels, yak, and bison are all susceptible 
to the disease. Other animals and man are not susceptible. 
A form of pleuropneumonia has been described as occurring in 
goats in the mountain districts of Germany and also in the 
Pyrenees. It is believed to be the same disease as “boufrida” 
which occurs in Algeria. No causative organism has been found, 
and it is not related to pleuropneumonia in cattle although the 
anatomical changes in the lungs closely resemble this disease. 

The virus of pleuropneumonia. —The virus of pleuropneumonia 
is a small polymorphic organism that is filterable through Berke- 
feld and Chamberland filters. Under high magnification these 
organisms appear as small fine vibrios, short spirillse, and aste¬ 
roid bodies. According to Bordet on artificial medium the 
organisms appear as fragile spirochsetes but are shorter than 
the spirochmtes of syphilis. Borrel found in stained prepara¬ 
tions fork-shaped branchings and asteroid bodies and for this 
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reason designated the organism “Asterococcm mycoides.” Lip- 
schiitz has described the bodies of pleuropneumonia as roundish 
clumps about 0.25 millimeter in size that occur singly or in pairs 
and occasionally in short chains. These bodies are Gram neg¬ 
ative but stain with Loeffler’s flagella stain and by Giemsa’s 
method. 

Nocard and Roux have cultivated the virus in broth to which 
lymph from the lungs is added. The medium and the organism 
were placed into collodion sacks and sewed within the abdominal 
cavity of rabbits. The culture required fifteen to twenty days 
to develop. Such cultures injected into cattle produced the 
disease. The virus can also be cultivated in Martin’s bouillon 
to which 6 per cent beef or rabbit serum has been added. Cul¬ 
tivation has also been accomplished upon solid medium. 

The virus is destroyed within twenty minutes when exposed 
to a temperature of 60° C. It will survive freezing temperature 
for several months. The virus is resistant to glycerin and 
will resist 0.5 per cent phenol for some time. Exposure to light 
and air quickly destroy it, and cultures lose their virulence 
within a short time unless hermetically sealed and kept at a 
low temperature. In the natural infection it is thought that the 
virus gains entrance into the body by way of the respiratory 
tract through inhalation. 

Immunity in pleuropneumonia .—Affected animals may trans¬ 
mit the disease to healthy animals in all stages of the disease. 
The virus may remain latent and virulent in the lungs for years 
after the animal has recovered from the disease. The suscep¬ 
tibility of cattle varies with the breeds. Some breeds are highly 
resistant, while others are markedly susceptible. One attack 
of the disease confers an immunity, and such cattle cannot be 
infected by artificial means. 

Vaccination both with pleural exudate from cases of the dis¬ 
ease and with cultures of the organism has been practiced, the 
latter giving the most satisfactory results in France. A fairly 
efficacious antiserum can be prepared by injecting culture ma¬ 
terial in vaccinated or recovered animals. 

Pathology .—The post-mortem findings are, of course, most 
pronounced in the lungs. Stages of red hepatization, gray hepa¬ 
tization, areas of necrosis, dilated lymph spaces, and thrombosis 
of the blood vessels are all found. The pleura may be covered 
with a fine exudate and be somewhat thickened. The pleural 
cavity may contain a large amount of clear yellow or turbid 
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exudate, even 15 to 20 liters. Some cases may reveal a fibrinous 
pericarditis and similar changes of the peritoneum and dia¬ 
phragm. Finally, there is found a gelatinous infiltration of 
the subcutaneous tissue over the chest and abdomen. 

Control measures .—Isolation and quarantine are strongly ad¬ 
vocated, the latter measure for six months or longer. Since the 
virus remains alive and virulent for long periods after the 
animals have recovered from the disease, it is recommended 
that such animals be killed. Laws compelling this procedure 
have been enacted in several countries. Immunization with 
pure cultures is also resorted to as a contributing method of 
control of this disease. 
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AGALACTIA CONTAGIOSA 

Definition .—Agalactia contagiosa is a specific infectious dis¬ 
ease of the mammary glands of sheep and goats, that in the 
lactating female is characterized by an alteration in the milk, 
which becomes yellowish or brownish in color and salty in taste, 
and may become purulent; the secretion of milk diminishes and 
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may stop altogether. The lesions may remain localized in the 
mammary glarids, or the infection may provoke other specific 
lesions. It is thought to be caused by a filterable virus. 

History and distribution .—Agalactia is a relatively common 
disease in many species of animals. In cattle mastitis is caused 
by a streptococcus. (1) The disease referred to in this section 
is in no way related to ordinary mastitis in cattle, but is a spe¬ 
cific infectious disease of sheep and goats. The disease has 
been particularly prevalent in Algeria, and studies upon the 
etiology of the infection have been made with material from 
cases occurring in that part of the world. In general the 
disease may be regarded as relatively uncommon. There is no 
record of its ever having been present in the United States. 

The virus .—Celli and De-Blasi(2) very early demonstrated 
that the infective agent in agalactia eontagiosum is filterable 
through Berkefeld and Silbersmith filters. This was confirmed 
by Carre(3) in 1912. In 1923 Bridre and Donatien(4) reported 
the transmission of the disease to goats, confirmed the filterabil- 
ity of the virus, and were able to cultivate it in vitro. These 
authors described a virus in their cultures that resembled forms 
of both vibrios and spiroehsetes. These organisms were stained 
after the method of Giemsa. Under the ultramieroseope nu¬ 
merous granules were found that resembled very small cocci. 
In some aspects the virus of agalactia contagiosa is similar to 
the virus of pleuropneumonia. One-half cubic centimeter of 
culture inoculated into the knee joint of susceptible sheep pro¬ 
vokes symptoms of arthritis within four days. The virus is also 
active in very high dilution. Two goats inoculated under the 
skin, one with 1 cubic centimeter of culture, the other with 1 
cubic centimeter of a dilution of 3:100, developed a specific 
mastitis eight hours after inoculation. 

In 1925 Bridre and Donatien(5) carried their experiments 
further and confirmed their earlier work. Cultivation of the 
virus was effected in bouillon to which serum was added in the 
proportions of 1:10 and 1:5. Serums from sheep, goats, 
horses, cattle, man, and rabbits were all found to be satisfactory. 
It was found that either Martin's peptone or commercial peptone 
could be used. The addition of some sugars to the medium gave 
unsatisfactory results, but lactose and mannite favored the 
growth of the virus. Serum agar was also found to be favor¬ 
able for the growth of the virus. Stained by Giemsa the virus 
appears as a very fine microbe taking the violet and appearing 
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in various forms. The usual forms measure from 2 to 5 microns 
in length, although some are 15 microns in length. The shorter 
forms resemble vibrios, and some are found to be almost round. 
Granules were also demonstrated by Bridre and Donatien as in 
their previous work. The authors state that (translation) "one 
finds, in a word, with this microbe, all the morphological char¬ 
acteristics described by Bordet, by Borrel, Dujardin-Beaumetz, 
Jeantet, and Jouan with the microbe of pleuropneumonia.” 
The org ani sms possess a motility comparable to the movement of 
mosquito larvae in Water, although these authors believe that 
this motion is a false movement and that the virus must be con¬ 
sidered nonmotile. 

Bridre and Donatien state that the virus passes a Chamber- 
land No. 1 filter, but that the filtrate remains sterile when the 
L 2 Chamberland is employed. This property of the virus per¬ 
mits its isolation with great facility. 

The optimum temperature for the virus of agalactia is 37° C., 
but growth is possible between 24 and 41.5° C. The virus re¬ 
mains virulent after four months when preserved at —5 to 
—12° C. It is apparently destroyed after five months at such 
low temperatures. It is destroyed within ten minutes when 
exposed to 53° C. It resists a temperature of 50° C. for one 
and one-half hours. Agglutination, precipitation, and deviation 
of complement experiments have not been entirely satisfactory. 
Cultures of the organism have been found to be as satisfactory 
for inducing the infection in sheep and goats as the natural 
virulent material taken from animals having the disease. Sheep 
are somewhat less sensitive than goats. The female in lacta¬ 
tion is the best animal in which to induce the infection. Inocula¬ 
tion by scarification is followed by a local reaction, which is later 
followed by the specific infection as in subcutaneous inoculations. 
Intravenous inoculation of the virus provokes a severe reaction. 
Inoculation of the virus in cattle induces a local reaction only. 

Bridre and Donatien again have pointed out the resemblance 
of the virus of agalactia to that of pleuropneumonia. Both 
viruses may be cultivated In serum-bouillon mixtures; the col¬ 
onies upon serum agar are identical; both viruses are filterable 
through the same filters; their morphology is practically iden¬ 
tical; their resistance to different temperatures is the same. On 
the other hand the virus of agalactia grows more luxuriantly 
than the virus of pleuropneumonia and, furthermore, Bridre 
and Donatien have succeeded in cultivating the virus of agalactia 
in milk, while the virus of pleuropneumonia does not grow in 
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Fig 1. Asterococus mycoides of contagious pleuropneumonia. 2. Types of filterable 
microorganisms found in agalactia contagiosa. 


PLATE 14. 
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this medium. The virus of agalactia is easily isolated from the 
milk of infected animals. 

A preventive serum is obtained from sheep, goats, and horses; 
20 cubic centimeters of serum will protect against an infectious 
dose of culture of the virus. Active immunization of animals 
in lactation was found to be exceedingly difficult by any method 
attempted. 

The virus of agalactia contagiosum is of special interest to 
students interested in the filterable virus field. Cultivation of 
the filterable viruses has proved to be exceedingly difficult, and 
there are only three or four with which this has been accom¬ 
plished. 
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ILLUSTRATIONS 
Plate 13 

Fig. 1. Verruga Peruviana, showing nodules on skin and mucous mem¬ 
brane of mouth. (After BifS; from Manson.) 

2. Bartonella mitris, showing parasites overlapping edges of the 
erythrocytes. (After Jaffe and Willis.) 

Plate 14 

Fig. 1. Asterococcus mycoides of contagious pleuropneumonia. (After 
Hutyra and Marek.) 

2. Types of filterable microorganisms found in agalactia contagiosa, 
from bouillon-serum cultures. (After Bridre and Donatien.) 



Chapter VI 


INSECT-BORNE DISEASES OF MAN AND ANIMALS 
(FILTERABLE) 

YELLOW FEVER 

Typhus icteroides; Fiebre am aril la 

Definition .—Yellow fever is an acute, specific, febrile disease 
which occurs in epidemic or endemic form, usually within a 
limited geographic area. It is characterized by fever, chills, 
marked muscular pain, evidences of blood destruction, black vom¬ 
it, albuminuria, and hsematogenous jaundice. The disease is 
caused by a filterable virus and is transmitted to man by the 
mosquito Aed.es ssgypti. 

History and distribution .—The first authentic description of 
yellow fever was given by du Tertre, who described the disease 
in Guadaloupe in 1635. According to Vaughan(i) this disease 
was confined to the Western Hemisphere before connection be¬ 
tween the two hemispheres was established by Columbus. Since 
the beginning of the seventeenth century epidemics of yellow 
fever have been described. Such epidemics have been partic¬ 
ularly severe in the West Indies and in parts of Central Amer¬ 
ica. Following the abolition of the quarantine of European 
ports during the French Revolution, the disease during the pe¬ 
riod of 1791 to 1815 spread into Europe and to both North 
and South America. Later we find records of the disease in 
Cuba, Jamaica, Santo Domingo, Brazil, and Porto Rico. The 
disease Was endemic in these parts of the world until the close 
of the nineteenth century. From the West Indies the disease 
spread northward through Mexico to the southern United States 
and southward as far as Montevideo. The disease was com¬ 
mon on the west coast of South America in Peru, Chile, and 
Colombia and spread to the Gulf of California from the Isthmus 
of Panama. During 1923 the disease was stamped out of Peru 
and at present is only endemic in a few areas in Central and 
South America and in Brazil. 

Yellow fever is endemic on the West Coast of Africa. In 1922 
there was an epidemic on the French Ivory Coast, and one in 
■ 174'. 
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Southern Nigeria and the Gold Coast in 192S. At present a 
commission is studying the disease on the Gold Coast in an 
effort to bring about its final eradication. 

The virus of yellow fever. —In 1900 General Sternberg ap¬ 
pointed a commission to study the transmission of yellow fever 
in Cuba. The transmission of yellow fever through the agency 
of the mosquito had been forecasted by Finlay in 1891. The 
notable achievement of Reed, Carroll, and Agramonte(2) in 
1901 in establishing the scientific facts that proved this theory 
is a landmark in medical science. Lazear, who was also a mem¬ 
ber of this commission, died of the disease in the course of the 
experiments. This commission proved beyond all doubt that 
yellow fever is transmitted to man through the bite of the mos¬ 
quito Aedes ssgypti. While the mode of the transmission of the 
disease was discovered by this commission, the actual causative 
agent of yellow fever remained obscure. 

In 1919 Noguchi (S) reported that he had isolated the specific 
cause of yellow fever in Guayaquil, in the form of a spirochsete 
which he named Leptospira icteroides. He found that guinea 
pigs injected with 5 cubic centimeters or more of blood from 
yellow-fever cases developed symptoms comparable to those of 
yellow fever in man. Under dark-field illumination Noguchi 
found a number of spiroehsetes, similar to Leptospira icterohse- 
morrhagim, in the blood, liver, and kidneys. Later he obtained 
a pure culture of these spirochetes in artificial media and was 
able to transmit the disease serially through guinea pigs. This 
organism was found to grow best under aerobic conditions in 
solid media containing blood serum and at a temperature rang¬ 
ing from 25 to 88° C. He has described this spirochete as an 
extremely delicate filament about 4 to 9 microns in length and 
0.2 micron in width. It tapers gradually toward the extrem¬ 
ities and ends in sharpened points. It is actively motile, 
shows vibratory motion, and is remarkably flexible. It stains 
with Giemsa and other polychromatic dyes. Noguchi used for 
his original source of material one hundred seventy-two 
cases which were thought by him to be cases of yellow 1 fever. 
This is a very important consideration in view of the recent 
work of Sellards. (4) Yellow fever is similar in its clinical 
manifestations to infectious jaundice, or Weil’s disease, the cause 
of which is a spirochgete similar to the organism described 
by Noguchi for yellow fever. Of twenty-seven cases No¬ 
guchi found the leptospira present in the blood of only three. 
Monkeys, with the exception of marmosets (Midas cedipus or 
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geoffroyi ), injected with infected blood and tissues were found 
to be negative. Guinea pigs infected with the blood of pre¬ 
sumably yellow-fever cases developed symptoms in from three 
to six days. These symptoms consisted of a rise in temperature, 
conjunctival congestion, leucoeytosis followed by leucopenia, 
jaundice, and in some instances haemorrhages from the nose and 
anus. The tissues were found at autopsy to be jaundiced and 
the organs hyperasmic. Haemorrhages were also noted in the 
lungs and mucous membranes of the intestines. Noguchi also 
found that about 67 per cent of the wild rats in Guayaquil 
showed organisms in their kidneys closely resembling the lepto- 
spira found in yellow-fever cases, and when these organisms were 
injected into guinea pigs similar symptoms and lesions were 
produced as in the case of the so-called yellow-fever spirochete. 

It is Noguchi’s contention that the yellow-fever spirochete 
differs from the spirochete of infectious jaundice. This state¬ 
ment is based upon serological studies. Furthermore, he states 
that the two spirochetes differ in their pathological properties. 
The former he states is essentially icteronephritic and produces 
fatty degeneration of the liver and kidneys, while the spirochete 
of infectious jaundice produces jaundice as its chief manifesta¬ 
tion. The virulence of Noguchi’s so-called yellow-fever spiro¬ 
chete varies a great deal, but some strains were found infective 
in doses as small as 0.0001 cubic centimeter of culture. This 
organism is killed at 55° C. within ten minutes; also by desicca¬ 
tion and freezing. It is destroyed by bile salts, 2 per cent 
phenol, and 0.1 per cent corrosive sublimate. Later work on 
yellow fever by Noguchi and Kligler(5) in Yucatan confirmed 
Noguchi’s previous work in Guayaquil. 

In 1927 Sellards examined the serum of eleven patients about 
three and a half months after recovery from typical yellow fever. 
Sellards found that these serums gave negative Pfeiffer’s re¬ 
actions to both Leptospira icteroides and L. icterohsemorrhagise. 
This investigator found that two guinea pigs immunized to 
Leptospira icterohmmorhagise gave positive Pfeiffer reactions 
to both Leptospira icteroides and L. icterohsemorrhagise. This 
evidence is advanced as additional proof of the identity of these 
two organisms. 

While in the minds of many, Noguchi’s work has never been 
accepted as the final solution of yellow fever, the work of Sellards 
suggests just cause for extreme conservatism in the question. 
Reed, Carroll, Lazear, and Agramonte in their early work pointed 
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out that their experiments suggested a filterable agent as the 
cause of yellow fever. These investigators demonstrated that 
the infectious agent was present in the blood of patients during 
the first three days of the disease, and was capable of passing 
through the pores of a Berkefeld filter. The later work of 
Noguchi threw doubt upon these experiments, but it now ap¬ 
pears that this theory should receive more-serious consideration. 
At present opinion is divided, and there are few willing to take 
a stand in the matter; this is perhaps as it should be in view 
of the present chaos surrounding the question of the etiology 
of this disease. 

In general it may be said that clinically Weil’s disease 
and yellow fever are similar. Especially is this true of the 
milder cases of yellow fever. Furthermore, the spirochsete de¬ 
scribed by Noguchi as the cause of yellow fever is morpholog¬ 
ically similar to the spirochsete of infectious jaundice, or Weil’s 
disease. The symptoms produced in guinea pigs by both spiro- 
chsetes are practically identical. Studied by serological methods 
both spirochsetes are somewhat similar even in Noguchi’s hands. 
According to Sellard’s experiments the serums of yellow-fever 
patients do not give a positive Pfeiffer’s reaction for either 
spirochsete. Yet, in Sellards’s hands, guinea pigs immune to 
the spirochsete of Weil’s disease give serums that produce posi¬ 
tive Pfeiffer’s reaction for both spirochsetes. Certainly, upon 
such data it is impossible at the present time to accept L. icte- 
roides as the cause of yellow fever. 

Leptospira icterohemorrhagise is found in the kidneys of a 
large portion of wild rats in certain parts of the world. In 
Japan(6) nearly 50 per cent of wild rats are infected; and in¬ 
fectious jaundice is prevalent each year, particularly from 
September to November. In the United States Jobling and 
Eggstein(7) found 10 per cent of the wild rats caught in 
Nashville infected with this organism. In Baltimore Walch and 
Walch-Sorgdrager(8) found about S3 per cent of rats infected; 
Langworthy and Moore(9) report 40 to 60 per cent for Albany; 
Brill (10) finds about 20 per cent of field mice positive in flooded 
districts of Germany. In a recent study of wild rats, caught 
in and around Manila, in the Philippines, we have been able to 
find only one rat out of two hundred fifty examined infected 
with this spirochaste. While no case of Weil’s disease is on 
record in the Philippines, these results appear unusual in view 
of the great amount of international shipping, especially be- 
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tween the Philippines and Japan and Formosa Where infectious 
jaundice is prevalent. Recently Cushing(H) has reported in 
New York City two cases of infectious jaundice. In both cases 
cultures from the urine yielded the organism and in one case 
a culture from the cerebrospinal fluid yielded the organism. 

Considering the wide-spread distribution of the spirochaate 
of Weil’s (12) disease there can be no question that this is a 
disease sui generis. That it resembles in its clinical manifesta¬ 
tions mild cases of yellow fever is unfortunate, particularly in 
view of studying the etiology of the latter. That its causative 
agent so closely resembles the spirochete described by Noguchi 
as the cause of yellow fever is also unfortunate, and it should 
be apparent that we must look elsewhere, probably to the field 
of the filterable viruses, for the real cause of yellow fever. 

If reports are correct the Yellow Fever Commission of the In¬ 
ternational Health Division of the Rockefeller Foundation on 
the Gold Coast has recently transmitted yellow fever to monkeys. 
In a preliminary note Stockes, Bauer, and Hudson (13) report 
that they have been able to infect monkeys ( Macacus rhesus) 
with blood from yellow-fever patients. The first monkey in¬ 
oculated in this manner died in five days. The virus has been 
carried from monkey to monkey by inoculation of blood or 
serum thirty times. The disease transmitted resulted fatally in 
every case except one. Aedes segypti mosquitoes became in¬ 
fected when allowed to feed upon infected monkeys and were 
then able to transmit the disease to normal animals. The mos¬ 
quitoes were infective in about sixteen days and remained so 
until death. Serum of infected monkeys filtered through Berke- 
feld V : and N filters and through the Seitz asbestos filter con¬ 
tains the virus and is capable of transmitting the disease to 
healthy monkeys. These authors have further demonstrated 
that 0.1 cubic centimeter of convalescent serum from a case of 
yellow fever protects monkeys against fatal doses of virulent 
blood as well as against the bites of infected mosquitoes. No 
leptospira has been found in the body fluids or tissues. It is 
to be hoped that the work now in progress will result in the 
discovery of the true etiology of this disease and suggest methods 
of attack for its final eradication.* 


* Since the preparation of this review several other papers have ap¬ 
peared in the literature by the yellow-fever commission working in Africa. 
These papers are to be found in the American Journal of Tropical Medicine 
and the Journal of the American Medical Association for 1928. 
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Incubation period .—The incubation period of yellow fever 
ranges from four to thirteen days. Usually it is four or five 
days but is said to be shorter in some instances. Manson(i4) 
states that its extreme limits are one to fifteen days in the 
temperate zones, and one to thirty days in the Tropics. Epi¬ 
demics have been known to develop two weeks after the arrival 
of a ship in port bringing yellow-fever patients with it. 

Symptoms .—As in other febrile diseases the symptoms may 
develop suddenly with a rise in temperature and chills or there 
may be prodromal symptoms consisting of general malaise lead¬ 
ing up to the more acute symptoms. Usually the symptoms of 
the disease in uncomplicated cases may be divided into three 
stages: The initial fever, which may or may not be accompanied 
by chills; the so-called period of calm; and, in the most severe 
cases, the period of reaction. The initial fever is usually sud¬ 
den, the maximum temperature occurring within the first 
twenty-four hours. The temperature may rise to 10B or 104° F. 
Following the initial rise in temperature there is a steady drop 
to 98 or 99° F. In some cases the high temperature may per¬ 
sist for several days and may not reach its maximum until the 
seventh or eighth day. With the rise in temperature, or soon 
after, there is usually a chill, headache, supraorbital pain, and 
pain in the eyeballs associated with photophobia. There may be 
loin pain, pain in the back, legs, knees, calves, and ankles. 
Epigastric pain may be a prominent symptom. The skin is 
dry, the face flushed and swollen. The pulse ranges from 100 
to 120 during the first stage but falls to 80 or 40 during the 
period of calm. This has been designated Faget’s sign. Later 
the tongue becomes coated, dry, and pointed, and thirst becomes 
intolerable. The palate is congested as are the gums, the latter 
often bleeding profusely. The eyes become congested and sun¬ 
ken, and by the third day the scleme become yellowish. Often 
the skin assumes a yellowish tinge, but in some cases this change 
is entirely absent. When present the color ranges in intensity 
from a saffron tint to deep mahogany brown. In fatal cases 
the yellowish color of the skin is always present, particularly 
after death. There is practically always a supression of urine 
and the appearance of albuminuria. The more pronounced these 
symptoms, the graver the prognosis. The urine is acid and 
contains casts and blood. The patient may suffer from insom¬ 
nia, especially after the third day of the disease. Delirium may 
occur. In severe cases coma may come on near the end of the 
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illness just preceding death. Nausea and vomiting are com¬ 
mon. Black vomit is usually regarded as a grave symptom. 
Such vomited material consists of disintegrated red blood cor¬ 
puscles and haemoglobin. It is markedly acid. In some cases 
the stomach contains pure blood. Haemorrhages may also occur 
in other parts of the body, from the nose, mouth, bladder, uterus, 
and anus. As a rule there is no anaemia and there is first a 
slight leucoeytosis followed later by leucopenia. Death may oc¬ 
cur early in the course of the disease, but usually occurs on the 
fifth or sixth day. The mortality may reach 80 per cent, but 
usually does not exceed 80 per cent. Among natives in endemic 
areas it may be lower, ranging from 7 to 10 per cent only. 

Animals susceptible.—Keen is the natural host for the virus 
of yellow fever. According to reports from the Gold Coast the 
commission now studying yellow fever has been able to infect 
monkeys. According to Noguchi’s work Leptospira icteroides 
is infective for guinea pigs. 

Immunity. —The immunity produced by one attack of yellow 
fever is usually permanent. Relapses are rare and are dan¬ 
gerous when they occur. 

Transmission. —As stated before yellow fever is transmitted 
to man by the bite of a mosquito, Aedes segypti. Manson states 
that yellow fever may be regarded as a “place disease” like 
malaria. The disease usually occurs in low-lying, hot, insanitary 
districts near the wharves and docks of seaport towns. How¬ 
ever, it has occurred at high elevations (Sao Paulo, Brazil, 
2,500 feet). The disease also follows the rivers and the flat 
delta country. According to some investigators the virus re¬ 
quires twelve days incubation in the body of the mosquito before 
the disease can be transmitted to man. Reed and Carroll found 
Aedes xgypti breeding chiefly in rain-water barrels, sagging 
gutters, tin cans, cesspools, horse troughs, and in water at the 
base of leaves. As a rule this mosquito does not fly long dis¬ 
tances and is found chiefly around and in the houses in endemic 
areas. The mosquitoes of this species copulate during the day 
time, but no eggs are produced until the female has had a meal 
of blood. Usually the female deposits her eggs upon or near 
ttie surface of the water within a week after a meal of blood 
The larvae rest usually near the top of the water but are con¬ 
sidered to be bottom feeders. The story of the eradication of 
this mosquito in Panama by General Gorgas is well known and 
needs no further elucidation here. The transmission of dengue 
fever by the same species of mosquito has been described else- 
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where as well as the relation between these two diseases. (See 
Dengue Fever.) 

Pathology. —The anatomical changes in yellow fever may be 
summed up as follows: The pigmented skin is more pronounced 
in the more dependent parts of the cadaver, due to diffused 
haemoglobin rather than to bile pigments; petechite are common 
in the skin and membranes; the tissues of the body and brain 
are hyperaemic and may show minute haemorrhages; all the 
tissues, including cartilage, are jaundiced; red blood cells ap¬ 
pear normal; the blood in the vessels is not firmly coagulated; 
there is generalized fatty degeneration of the capillaries and 
small blood vessels as well as the liver; the stomach and intes¬ 
tines may contain a dark acid material and the mucous mem¬ 
branes are swollen and show patches of ecchymosis; the spleen 
shows little change; the kidneys show signs of a parenchymatous 
nephritis, the renal epithelium showing cloudy swelling and fatty 
degeneration; lime casts in the kidney tubules have been re¬ 
garded as characteristic of this disease. 

Control measures. —The control of yellow fever rests upon 
the eradication of the vector, Aedes Bgypti. Without this mos¬ 
quito the disease cannot spread. Watertanks, cisterns, cess¬ 
pools, etc., should be properly screened; water containers, such 
as tin cans, water barrels, etc., destroyed or so protected that 
mosquitoes cannot gain access; and in general the usual methods 
of preventing the breeding of mosquitoes should be employed. 
Quarantine and isolation are of course indicated in endemic and 
epidemic areas. 

No immune serum, except that prepared by Noguchi with Lep¬ 
tospira icteroides, is as yet available for immunizing purposes. 
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DENGUE FEVER 

Definition .—Dengue is an acute infectious disease transmitted 
from man to man by the mosquito Aedes segypti (Linnaeus). 
It is characterized by its sudden onset of fever and malaise 
and in a large percentage of cases a mild scarlatiniform or 
measleslike rash. 

History .—We are indebted to Siler, Hall, and Hitchens(l) for 
a recent and critical study of the epidemiology and experimen¬ 
tal transmission of this disease in the Philippines in 1924 and 
1925. These authors have prepared an exhaustive treatise on 
the subject of dengue including its history, epidemiology, me¬ 
chanism of transmission, etiology, clinical manifestations, im¬ 
munity, and prevention. 

According to Nothnagel(2) the exact etymologic origin of the 
word “dengue” is unknown. It has been thought in turn to 
have originated from old Arabic, East African (dinga), Indian 
(dangue), and Spanish (denguero, meaning “affected” or 
“dandy-like”). In various parts of the world this disease is 
known by different names; for example, in Brazil it is called 
“polka fever;” in the English colonies “pantomime fever;” in 
America “broken wing” or “breakbone fever;” in the Dutch 
colonies “knockelkoorts” and “ankle fever;” in Arabia, Syria, 
Egypt, and Tripoli it is known as “abou-abous,” “abou-rekabe,” 
knee pain, “pere des genoux,” and “des massues.” Because of 
the rash it has been known as “fievre rouge,” “ealentura roja,” 
“rosalia,” “Colorado,” “giraffe,” and “bouquet.” A common 
appellation for many years for this disease has been “scarlatina 
rheumatiea” and at least twenty other names have been em- 
■ ployed to designate it in different parts of the world at different 
times. 

Mothnagel states that the first epidemic of dengue fever oc¬ 
curred in the year 1779. At about the same time the disease 
was prevalent in Java and at Cairo and Alexandria. In the 
following year the affection was noted on the coasts of Coro¬ 
mandel, Arabia, and Persia. The same year it appeared in 
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Philadelphia and four years later, for the first time, it appeared 
in Europe (Cadiz and Seville). Epidemics were then noted in 
different parts of the world in 1818, 1824 to 1828, 1830 to 1870, 
and so on with unremitting frequency up to the present time. 
(See Siler, Hall, and Hitchens.) 

The transmitting mosquito for this disease, Aedes segypti, was 
described by Linnseus in 1762, seventeen years before the disease 
was first noted in Java. 

Distribution —Dengue fever is most prevalent in tropical and 
subtropical countries. The disease has appeared as far north 
as Philadelphia and has been common in some of the Southern 
States. 

The virus of dengue fever .—The virus of dengue fever is 
present in the circulating blood during the first three days of 
the disease. In 1908 Graham (3) reported the transmission of 
the dengue virus by mosquitoes. In this early work the exact 
species of mosquito responsible for the transmission of this virus 
was not definite. While Graham worked with Culex fatigans he 
was not certain that there were no Stegomyia (Aedes segypti) 
among his mosquitoes. In fact he admits that in perhaps all 
of his experiments both species were present. Subsequent work 
tends to confirm this. Graham also attempted to demonstrate 
the presence of the dengue virus in the mosquito by injecting 
a suspension of salivary gland, from presumably infected mos¬ 
quitoes, under the skin of a volunteer. This patient developed 
a chill and high fever on the third day with an attack resem¬ 
bling dengue. In the blood Graham found a parasite which he 
thought to be a protozoan resembling the plasmodium of malaria. 

In 1907 Ashburn and Craig(4) reported one case in nine per¬ 
sons bitten by Culex fatigans. All of these volunteers were 
soldiers who had passed through an epidemic of dengue at 
Fort William McKinley (Philippines) without having them¬ 
selves been infected. Three of these cases were found to be 
immune; three possessed relative immunity (large amounts of 
infected blood only produced mild symptoms); one case may 
have had dengue before; in one case the incubation period was 
prolonged and another case was found to be susceptible to dengue 
upon subsequent infection although the mosquitoes refused to 
bite this patient during the experiment. In 1916 Cleveland, 
Bradley, and McDonald (5) in Australia infected four of 
seven persons with Stegomyia fasdata, which had been trans¬ 
ported to Sydney from an infected district. Experiments with 
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Culex fatigans were unsuccessful. The blood from infected 
cases when injected into susceptible volunteers reproduced the 
disease. This work in Australia was later confirmed by the 
work of Siler, Hall, and Hitchens in the Philippines. These 
authors experimented with sixty-four volunteers in the Philip¬ 
pines, and demonstrated further that the period of incubation 
in the mosquito ranges between eleven and fourteen days and 
that the virus is not transmitted hereditarily through the eggs 
of the mosquito. 

The virus of dengue fever is filterable through Berkefeld 
filters according to the work of Ashburn and Craig. Its fil- 
terability has been confirmed repeatedly by subsequent investi¬ 
gators so that there no longer remains any doubt upon this 
point. While Cleland, Bradley, and McDonald were unsuccess¬ 
ful in some of their filtration experiments with this virus, they 
concluded that such failures of filtration were due to slow fil¬ 
tration and the plugging of the filter pores through which the 
fluid had to pass. Filtrates of blood from dengue-fever cases 
are capable of inducing the disease in susceptible individuals 
when injected intravenously. According to Koizumi, Yamagu- 
chi, and Tonomura(6) the serum from infected blood which has 
been allowed to clot also contains the virus and is capable of 
inducing the infection in susceptible individuals. The virus 
remains viable in blood at ice-box temperature for over ninety 
hours but is readily destroyed at room temperature. Various 
organisms have been described as the causative agent in dengue 
fever, but no claims for etiology have as yet been substantiated. 
At present we may say that the virus of dengue still remains 
undetermined and uncultivated. While the epidemiology of 
dengue fever and yellow fever are quite similar, no direct evi¬ 
dence has been presented that the causative agents are similar. 
The possibility of the identity of the causative agents in these 
two diseases has been suggested, but there is no basis for such an 
assumption. According to proponents of this theory the dengue 
virus may represent a markedly attenuated or in some-way- 
ehanged form of the yellow-fever virus and eventually, so it 
is thought, when the true etiological agents in these two diseases 
have been determined, it will be found that they are at least 
somewhat similar in their nature. The recent work of Sel- 
lards,(7) which again raises doubt as to the significance of No¬ 
guchi’s Leptospira icteroides in yellow fever, if confirmed, may 
again throw the etiology of yellow fever into the realm of the 
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unknown, and, possibly, eventually with the Alterable virus 
diseases. This should be encouraging for those who advocate 
the theory of the dual etiology of these two diseases. While 
speculation on this matter is permissible, any prophesy is en¬ 
tirely out of place. More recently Sellards and Siler have 
described rickettsise in mosquitoes (Aedes ssgypti) infected with 
the virus of dengue fever. 

Incubation period in dengue, —Siler, Hall, and Hitchens found 
that “the average incubation period was six and one-twentieth 
days; in 25 per cent it was less than five days; in 60 per cent, 
less than six days; in 75 per cent, less than seven days; and 
in 90 per cent, less than eight days.” These authors conclude 
that incubation periods of more than ten days must be very 
rare in the naturally acquired cases. Their results may be 
taken as confirming for the most part the work of previous 
investigators on this question. 

Symptoms. —The onset is usually sudden without prodromal 
symptoms. Fever, headache, pain in the limbs and back, and 
a general feeling of malaise are usually the first symptoms noted. 
The appetite may or may not be impaired. Postorbital pain 
and tenderness are nearly always present. Mental depression 
is quite characteristic of the disease. Muscular and joint 
pains may be so severe as to make any movements of the 
body almost impossible. Children may have convulsions early 
in the course of the disease. There is usually deep congestion 
of the skin of the face and neck; the face appears swollen 
and the eyes suffused and congested. Erythematous mottling of 
the skin of the chest, back, arms, thighs, plantar and palmar 
surfaces, and the neck is usually present, but it may be entirely 
absent in some cases. The absence of such a rash should not 
rule out dengue fever. The temperature may rise rapidly to 
105° F. or more and remain at a high level for twenty-four to 
forty-eight hours when usually there is a drop, then a rise within 
a day or two; sometimes a few T days elapse before the second rise, 
forming a saddle-backed curve. A secondary skin rash usually 
appears when the temperature begins to return to normal. This 
rash is usually spoken of as “searlatiniform” or “morbilliform” 
or “purpuric.” It does not always appear, but when it does 
it is quite characteristic. Other symptoms such as jaundice, 
diarrhoea, loss in weight, epistaxis, glandular involvement, 
swelling of the joints, and photophobia may occur. Complica¬ 
tions are rare. Death from dengue fever is unknown. The 



186 McKinley: Filterable Virus Diseases 1929 

blood shows a tendency toward leucopenia, and in some cases 
the number of leucocytes may be markedly diminished. There 
is also a relative lymphocytosis. 

Animals susceptible to the virus of dengue. —All experiments 
to infect animals other than man have failed. Efforts to infect 
hogs, dogs, guinea pigs, rats, rabbits, and monkeys have met 
w ith little success. Reports of the establishment of the disease 
in laboratory animals remain unconfirmed. 

Immunity .—That a definite degree of immunity is produced 
by virtue of one attack of the disease appears to be established. 
However, this immunity is exceedingly variable. I have seen 
a patient the victim of this disease on two occasions within six 
months. In many individuals undoubted immunity is produced, 
which may last a year or longer. It seems quite apparent that 
some persons possess a natural immunity against this virus and 
reside in endemic and epidemic areas for many years without 
becoming victims of the disease. 

Control measures. —Dengue fever, while never fatal, is im¬ 
portant because of the great loss in time during the infection. 
Therefore, it becomes an important problem economically, and 
preventive measures should be instituted against it. The most 
important measure is the eradication of the transmitting mos¬ 
quito. The incidence of the disease may be considerably lowered 
by the use of mosquito nets, particularly during the day time. 
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NAIROBI DISEASE OP SHEEP 

Definition. —Nairobi disease of sheep is a specific, febrile, 
infectious disease of sheep and goats that is characterized by 
an acute haemorrhagic gastroenteritis. The cause of the dis¬ 
ease is thought to be a filterable virus that can be conveyed 
by the “brown” tick, Rhipicephalus append! culatus. 

History and distribution. —According to Montgomery(l) this 
disease was first noticed November 28, 1910, by Mr. H. Bras- 
sey Edwards, veterinary officer of the Nairobi district. Mont¬ 
gomery states that— 

slieep are in this country traded from the Masai, Suk, and Turkana coun¬ 
tries and the Northern Frontier for disposal to the Kikuyu Native Reserves 
or to the Nairobi population. A very great number therefore pass through 
the Nairobi township annually, and the mortality among them while 
staving there is high. 

For this reason the disease has been designated “Nairobi 
disease.” The Kikuyu Native Reserve near Kabate has been 
naturally infected several times between 1910 and 1915. In 
1911 Montgomery found this disease to be present in the 
Kedong Valley and at Juja near the Athi River. Montgomery 
further states that— 

in 1913 cases occurred at Makindu Railway Station, and in the same 
year many settlers on the Fort Hall Road purchased trade sheep which 
were passing from Fort Hall towards Nairobi. At purchase the animals 
appeared healthy, but within a fortnight nearly all died. Positive evi¬ 
dence of this disease was obtained from one farm. 

In 1914 the disease was diagnosed at Kikuyu Station; and it occurred 
at Voi, Burra, and Maktau among military slaughter sheep in this and 
the following year. 

The natives designate the disease “Kuharo 5 * which means diarrhoea 
and about one half of the sheep born are lost. They have attributed its 
cause to diet. According to Montgomery he has never encountered any 
immune sheep coming direct from the Masai Reserve or from the Rift 
Valley and he believes that those districts are probably free from the 
infection. He states “as the direction of trade is away from these cen¬ 
ters, it is probable that the disease has not yet had an opportunity of 
reaching them, and, in addition, it should be noted, the Masai Reserve 
and the Rift Valley are, in the main free from East Coast fever, a freedom 
probably due to a great paucity of the brown tick, the transmitter of 
both diseases. 

The virus of Nairobi disease of sheep . —The virus of Nairobi 
disease is present in the blood stream of infected animals. It 
is also present in the serum of clotted blood, in saline extracts 
of organs, in the pericardial fluid, and in the urine. Mont- 
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gomery failed to demonstrate its presence in bile. The virus 
may be present in the faeces of infected animals, but conclusive 
experimental proof of this is lacking. Infected blood after fil¬ 
tration through a Berkefeld candle remains infectious and pro¬ 
duces the typical disease in test animals. The disease may be 
induced in susceptible animals following subcutaneous, intra¬ 
venous, or intraperitoneal inoculation of infected blood. The 
typical disease may also be produced by intradermal inoculation 
such as the application of one or two drops of infected blood 
upon scarified areas of the ears. As little as 0.01 cubic centi¬ 
meter of infected blood is sufficient to produce the disease in 
test animals, though 0.001 cubic centimeter failed to induce the 
infection. Susceptible animals may be infected with Nairobi 
disease per os, though simple contact, in paddocks free of ticks, 
does not lead to contraction of the disease. The adults of Rhi- 
picephalus appendiculatus, which feed as nymphs upon infected 
sheep, are capable of conveying the infection. Working with 
eitrated or defibrinated blood or with plasma and serum, all 
from infected animals, Montgomery has shown in the following 
protocol that the virus of Nairobi disease is filterable through 
both Chamberland F and Berkefeld No. 7 filters. 


Table 7 .—Nairobi disease. 

CHAMBERLAND F. 


Virus, 

Dilution. 

Number 

inoculated. 

Positive. 

Negative. 

Citrated blood. 

1:4 

3 

1 

2 

Do. 

1:9 

5 

4. 

1 

Do. 

1:99 

8 

7 

1 

Do.__.__. 

1:999 

1 

1 

0 

Plasma... 

1:4 

2 

2 

0 

Do... 

1:9 

8 

7 

1 

Serum... 

1:9 

11 

9 

2 

BERKEFELD No. 7 

Citiated blood.... 

1:4 

2 

i 

1 

Do. 

1:99 

7 

5 

2 

Plasma—... 

1:4 

2 

2 

0 

Do... 

1:9 

5 

5 

1 

Serum .... 

1:9 

13 

13 

0 

Bo. 

1:99 

5 

4 

1 


From these experiments it is evident that the infectious agent 
in Nairobi disease should be classed with the group of ultra¬ 
viruses. 
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An animal that has recovered from the disease does not 
harbor the virus. The virus in citrated blood or sterile serum 
remains viable for about twenty-eight days when exposed to 
the air and as long as forty-five days in sealed tubes. Virulent 
blood mixed with equal parts of oxalate-carbol-glycerol solution 
remains infective for about one week, which is illustrative of 
the marked resistance of this virus. The virus is destroyed 
by drying in storage for seventy-two hours at 37° C. The virus 
resists heating to 50° C. for two hours but is destroyed at 60° 
C. within five minutes. 

Incubation period .—The incubation period varies from five 
to fifteen days in experimental cases of the disease. On the 
average by tick transmission it is about nine days. 

Symptoms .—Within forty-eight hours following inoculation 
with infectious material in sheep, there is a rise in temperature 
to 105 or 106° F. The rise is sudden and remains between 
105 and 108° F. for one or two days when it suddenly falls 
to normal. Within one or two days death or recovery results. 
Death usually occurs between four and eight days following 
inoculation with infectious material. In two hundred twenty- 
four sheep Montgomery found the average to be one hundred 
forty-eight hours. Following infection with ticks the incuba¬ 
tion period averaged 9.4 days in Montgomery’s experiments and 
the reaction 3.6 days. Upon the last day of the reaction (sharp 
fall in temperature) the infected animal appears dull and is 
somewhat off feed. The symptoms then become more marked. 
There is loss of appetite, marked depression, increased respira¬ 
tion and pulse, discharge of mucus from the nostrils, and an 
involuntary diarrhoea associated with much pain. The faces 
are dark green. Coma may precede death by twenty-four hours. 
Diarrhoea is rare in cases that recover. The mortality varies 
according to breed of animals. Montgomery gives the follow¬ 
ing figures: Masai sheep, 71.5 per cent; Grade sheep, 31.5 per 
cent; Merino sheep, 30.7 per cent. 

Animals susceptible to Nairobi disease .—Sheep (Masai, Grade, 
and Merino) are all susceptible. Grade Angora goats from the 
Rift Valley are susceptible to the infection. Both native and 
imported cattle, buffaloes, Arab and Indian horses, mules, don¬ 
keys, pigs, dogs, rats, mice, rabbits, and guinea pigs, all proved 
resistant to the virus. 

Immunity .—One attack of the disease confers a definite pro¬ 
tection against subsequent attacks. The exact length of time 
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over which this immunity lasts is unknown, but it certainly 
lasts for several months and in some cases perhaps years. Dif¬ 
ferent breeds of sheep show varying degrees of susceptibility. 
Grade and pure-bred show a much higher resistance than native 
sheep as judged from the mortality statistics. All attempts 
to devise methods for prophylactic immunization have failed. 
Antiserum preparations in sheep apparently possess marked 
hemolytic qualities, a phenomenon that has also been noted in 
African horse sickness and remains unexplained. 

Pathology .—Sheep dead of Nairobi disease exhibit typical 
anatomical changes in the gastrointestinal tract. The mucosa 
shows a variable degree of hypersemia and oedema which is 
more marked in the large intestines. In folds it exhibits pro¬ 
nounced haemorrhagic striae. Usually the lumen of the intes¬ 
tines is empty but when containing faeces the mucosa is studded 
with petechias. The liver is only slightly enlarged, the gall 
bladder is distended, and the mucosa is frequently petechiated. 
The spleen is enlarged. The trachea and bronchi are hyperse- 
mic and in some cases haemorrhagic. The epicardium is pete¬ 
chiated, and the endocardium shows ecchymoses. The lymph 
glands are for the most part enlarged and congested. 

Control measures .—The basis of prevention in this disease 
lies with the eradication of the tick. Dipping of cattle at three- 
day intervals has been suggested as a contributing measure to 
assist in the eradication of the tick. While it appears that the 
adult tick that in the nymphal stage fed upon infected animals, 
is capable of transmitting the disease, it has not been deter¬ 
mined definitely if larvae born of infected females can do so. 
In either case the eradication of the tick in all its stages of 
development is indicated. 

Reference 1. Montgomery, Journ. Comp. Path, and Therap. 30 (1917) 
28-57. 

catarrhal fever of sheep 

Malarial catarrhal fever, Geel dikkop, Bekziekte, Ouil bek 

Blaw tong 

Definition .—Catarrhal fever of sheep is an acute febrile in¬ 
fectious disease which occurs in sheep in South Africa. It is 
characterized by haemorrhagic stomatitis, marked oedematous 
swelling of the forehead and laryngeal region, and a cyanotic 
discoloration of the tongue. 

History.—Catarrhal fever of sheep was first described by 
Hutcheson and Spreull(i) and later by Paine (2) and Theiler.(3) 
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For many years it has been prevalent in parts of South Africa 
and at times has caused great losses in sheep. 

Distribution .—The disease is limited to South Africa and 
occurs in this region under local and periodical conditions sim¬ 
ilar to horse sickness. 

Incubation 'period of catarrhal fever .—The incubation period 
on the average is about four days. In some cases it is slightly 
more or less. 

Symptoms .—The disease is characterized by a rise in tem¬ 
perature to 42.5° C., dullness, and diminished appetite. A se¬ 
vere haemorrhagic stomatitis develops accompanied by shedding 
of shreds of epithelium and a marked oedematous swelling of 
the forehead and the laryngeal regions. The tongue becomes 
swollen and blue. The swollen parts later may become hard 
and wrinkled; ulcerative keratitis and panophthalmitis, diar¬ 
rhoea and icterus may develop. The mortality is about 40 per 
cent. In favorable cases the disease runs its course in about 
three weeks. 

Animals susceptible to catarrhal fever .—The disease is in¬ 
fectious to sheep but not to goats. No other kind of animal is 
affected. 

The virus of catarrhal fever of sheep .—The virus is present 
in the blood of infected animals during the course of the dis¬ 
ease and is said to persist in the blood stream for nearly two 
months after recovery from the disease has taken place. Spreull 
transmitted the disease to sheep with filtered blood thereby de¬ 
monstrating that it is one of the ultramicroscopic viruses. The 
natural infection appears to he transmitted by insects. The 
virus has never been cultured and little is known regarding its 
nature. 

Immunity .—One attack of the disease protects animals from 
second attacks. Immunization of susceptible animals may be 
produced by simultaneous vaccination with 4 cubic centimeters 
of serum from highly immunized sheep and 2 cubic centimeters 
of virulent blood. A mixture of serum and virus, 2 :1, is also 
said to give satisfactory results. Theiler states that in serial 
inoculation of sheep the virus becomes attenuated after about 
ten passages and then may be used for vaccine without fear of 
infection. 

Pathology .—The anatomical changes include the local changes 
around the head, moderate swelling of the spleen, and signs of 
a generalized infection and anaemia. 
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Control measures .—Preventive measures consist in pasturing 
sheep on high dry pastures during the epidemic period of the 
year and in prophylactic immunization of susceptible animals. 
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AFRICAN HORSE SICKNESS 

SUDAFRIKANISCHE PFERDESTERBE (GERMAN); PESTE DU CHEVAL (FRENCH) 

Paardonziekte, Perreziekte (Holland) 

Definition .—African horse sickness, or “pestis equorum,” is 
an infectious, noncontagious disease of horses and mules. It 
occurs in South Africa and is characterized by oedema of the 
subcutaneous and intramuscular tissues, catarrhal inflammation 
of the stomach and duodenum, and hsemorrhages in the internal 
organs. It is caused by a filterable virus. 

History .—African horse sickness has been known for over 
one hundred years in South Africa. Prior to 1900 the disease 
was considered by Sander(l) to be a form of anthrax, and was 
confused by Rickmann(2) and Edington(3) with piroplasmosis. 
In 1900 McFadyean(4) proved that the virus of African horse 
sickness is a filter passer. This was soon confirmed by No¬ 
card (5) in 1901 when he demonstrated that the virus passes 
through a porcelain filter. Important contribution has been 
made to the study of this disease by Theiler, (6) and a method of 
immunization has been devised by this author. 

Distribution .—The chief distribution of this disease, as its 
name implies, is in South Africa. It has also been reported 
in Abyssinia, in East Africa, and in Arabia. 

Incubation period .—The period of incubation in African horse 
sickness is usually six to seven days. (Theiler.) 

Symptoms .—The disease occurs in two forms, acute and sub¬ 
acute. In the acute form, dunkop-paardenziekte, the tempera¬ 
ture at first rises to 40 to 42° C. The appetite remains good, 
but toward the seventh or eighth day the animal becomes weak 
and the respiration is accelerated and labored. In most favor- 
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able cases the symptoms then gradually subside and the patient 
improves rapidly to recovery. In other cases (edema of the 
lungs develops and there is marked frothing from the mouth 
and nose. The lymph glands become swollen, and just before 
death the temperature drops; the animal dies from dyspnea and 
heart weakness. 

The disease develops much more slowly in the subacute form, 
dikkop-paardenziekte. The symptoms in this form of the dis¬ 
ease are much the same as in the acute form. (Edematous 
swellings appear around the orbits, and on the forehead, chest, 
and abdomen. The tongue may be markedly swollen, blue 
tongue, and there may be marked exophthalmia. In the ma¬ 
jority of cases recovery takes place. The acute form of the 
disease is usually fatal, but the subacute form is much milder 
and most of the animals recover from this form of the disease. 
The disease is believed to be transmitted by some fly or other 
insect. According to some authors anopheles and stegomyia 
mosquitoes that have fed upon an infected horse within forty- 
eight hours serve to transmit the disease to healthy animals. 
Reineeke(8) produced a fatal disease in one horse by injecting 
an extract from ticks which he had collected in the African- 
horse-siekness district in Africa the year before. 

Animals susceptible to the virus of African horse sickness .— 
The disease is limited to horses and mules. Donkeys do not 
become affected spontaneously. 

The virus of African horse sickness. —Infected blood diluted 
with salt solution and filtered through Berkefeld or Chamber- 
land B and F filters is capable of producing the disease in sus¬ 
ceptible animals. Blood taken from horses during any stage 
of the disease produces the disease in susceptible horses when 
injected subcutaneously, intravenously, intratraeheally, or in 
the lungs, or administered per os in doses ranging from 0.0005 
to 1 cubic centimeter. The virus is also contained in the exu¬ 
date of the bronchial secretions. The virus does not remain 
in the blood stream of animals that have recovered from the 
disease. According to Theiler the virus is quickly destroyed 
by the action of the sunlight and by drying, though it resists 
heating to 45° C. and 3 per cent phenol. 

Horses are susceptible to artificial infection. Mules are less 
so. According to Edington it is possible to infect cattle fatally 
and to produce fever reactions in goats and sheep. 

242402-13 
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Immunity in African horse sickness. —One attack of the dis¬ 
ease confers a mild immunity in that second attacks are never 
so severe as the first. It is said that an attack of the disease 
will protect about two-thirds of the animals from natural in¬ 
fection. Artificial immunity may be produced by a number of 
methods; the Theiler method is considered the best. This is 
a simultaneous method and consists of the injection of immune 
serum at the time that a small dose of virulent blood is given. 
Upon the appearance of a febrile reaction following the immuni¬ 
zation a second injection of serum is administered. A small 
number of animals are lost by this method, but generally speak¬ 
ing it is most satisfactory. Still other methods of immuniza¬ 
tion have been advanced by Koch(7) and by Rickmann. In 
the preparation of the immune serum recommended by Theiler 
it is best to use a number of strains as it appears that the 
serum prepared from one strain only will not protect against 
all strains of the virus. 

Pathology. —The chief findings at autopsy in animals dead 
of African horse sickness are infiltration of the subcutis and 
intramuscular tissue, acute swelling of the lymph glands, and 
catarrhal swelling of the mucous membrane of the stomach, 
haemorrhages in the intestines, in the heart muscle under the 
endocardium, and in the kidneys. The liver and spleen may be 
hyperaemie and enlarged. 

Control of African horse sickness. —Pasturing animals in high 
and noninfected pastures during the summer time is recom¬ 
mended, and it is thought that by breeding immune animals 
resistant breeds may in time be produced. Immunization by 
Theiler’s method is recommended. 
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PAPPATACI FEVER 

Phlebotomus fever; Sand-fly fever; Three-day fever 

Definition .—Pappataci fever is an acute infectious disease 
characterized by its sudden onset and short duration (three 
days). It is probably due to a filterable virus. 

History .—A disease characterized by fever and of three days’ 
duration has been known to occur in the Mediterranean region 
for more than one hundred years. According to Yaughan(l) it 



FiG. 2. Female phlebotomus, vector in pappataci fever; a, antenna; b, palps; c, probocis; 

<2, prothorsx; e, meso thorax; j, halteres, (After Alcock; from Mattson.) 

was prevalent in Malta during the Crimean War and in the 
seventies of the last century was noted by Italian physicians and 
Austrian physicians stationed on the Adriatic coast. Doerr and 
Russ (2) in 1909 demonstrated the infectivity of the blood in 
this disease. Taussig (1905) and McCarrison (1906) called 
attention to the sand fly Phlebotomus pappatassii as the pos¬ 
sible carrier of the disease. For this reason “phlebotomus 
fever” and “pappataci fever” have been employed to designate 
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the disease. On account of its duration the disease is frequently 
referred to as “three-day fever.” In 1913 Birt(S) published 
a review of this disease and cited the literature on the subject 
up to that time. 

Distribution. —While the disease was first noted in the Medi¬ 
terranean region, it has been reported as occurring in Swit¬ 
zerland, the Balkans, Greece, southern Russia, Egypt, Sudan, 
Uganda, China, India, South America, and the southern United 
States and California, Vaughan states that the phlebotomus 
has never been present in Bermuda and the disease has never 
been prevalent there. 

The virus of pappataci fever.—The virus- of pappataci fever 
is present in the blood stream of man during the first twenty- 
four hours of the disease. It is filterable through a Berkefeld 
filter as is the virus of dengue fever. In many of its clinical 
aspects the disease resembles dengue fever and influenza. The 
virus has not been cultivated and remains unidentified. 

Incubation period .—The incubation period in this disease is 
usually given as three to seven days. While the prodromal 
symptoms are not marked there may be a general feeling of 
lassitude with slight aching pains in the back and limbs. 

Symptoms .—The onset of the disease is sudden. Chills; fever; 
pains in the back, head, and limbs; congestion of the conjunc¬ 
tiva; irritability; and general lassitude are all characteristic 
of the disease. The temperature may rise to 102 or 105° F. 
In some cases there is a dry cough. The blood shows a marked 
leucopenia and a decrease in the percentage of polymorphonu¬ 
clear cells. In some cases there may be a slight measleslike 
rash as in dengue fever. After two days the temperature be¬ 
gins to fall, and during this stage of the disease there is a ten¬ 
dency to nose bleed and vomiting. The patient quickly recovers, 
and there is no mortality. In July, 1918, several American 
Army divisions in France were affected by this disease, the 
course of the affection being typical of the description given 
above. 

Animals susceptible to the virus of pappataci fever .—In so 
far as is known man is the only species susceptible to this virus. 

Immunity .—It is said that one attack of this disease confers 
a definite immunity against subsequent attacks. (Rosenau’s 
Preventive Medicine and Hygiene, 5th ed., p. 319.) 

Control measures ,—The phlebotomus is a small fly, gnat, or 
midge, about 3 millimeters in length. On account of its small 
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size the usual preventive measures employed against biting in¬ 
sects such as sleeping under nets are of no avail Destruction of 
breeding places and of the adult fly is to be recommended as 
perhaps the best fundamental measure for the control of this 
disease. 
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NOTE 

Since the section on yellow fever was prepared several reports have 
been published by the Yellow Fever Commission on the Gold Coast regard¬ 
ing their investigations of this disease. It has been demonstrated that 
the macacus monkey is susceptible to the virus of yellow fever, while the 
local African monkey, guinea pigs, Indian crown monkey, and chimpanzee 
are insusceptible. Further, it has been shown that convalescent serum will 
protect Macacus rhesus against the disease. The virus is not transmitted 
to the second generation of mosquitoes through the eggs, and apparently 
the virus is not filterable as it exists in the mosquito. It has also been 
shown by Bauer that Aedes zgypti is not the only mosquito capable 
of transmitting the disease. Bauer and Hudson have also demonstrated 
that the yellow-fever virus may penetrate the unbroken skin and produce 
infection in monkeys. Further reports from this commission are awaited 
with anticipation. 
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FILTERABLE VIRUS DISEASES OF ANIMALS 

APHTHJE EPIZOOTIC.-E: FOOT-AND-MOUTH DISEASE 
FltVRE APHTHEUSE, COCOTTE (FRENCH) ; MAUL UND KLAUENSEUCHE 

(German) ; Febre aftosa (Italian) 

Definition .—Aphthous fever, or foot-and-mouth disease, is an 
acute contagious disease of cloven-footed animals which is 
characterized by a vesicular eruption on the mucous membranes 
and skin. It is caused by an ultramicroseopic virus. 

History. —Foot-and-mouth disease was well known as early 
as 1764. During this early period it was thought to be caused 
by atmospheric and climatic conditions. There were those who 
suggested that it might even be caused by food poisoning. How¬ 
ever, it is said that Sagar in Norway at this time recognized 
the fact that the disease is contagious. In fact it is well re¬ 
cognized now as perhaps the most contagious disease known 
to affect animals. In former times the disease spread with 
great rapidity and in the course of two years it had spread 
over the whole of Europe. Great epizootics of the disease have 
come and gone. The last big outbreak occurred in Europe 
in 1887. This outbreak originated in Russia and soon invaded 
all of Europe and is still present. The disease was especially 
severe during the World War and great losses were suffered 
throughout Europe. In South Germany, for example, in 192.0 
there were 23,869 infected townships and 181,067 premises were 
affected. In France during this period there were 6,192 in¬ 
fected townships and over 37,000 premises affected. At the 
same time England suffered the loss of nearly 4,000 cattle, over 
9,000 sheep, and 1,700 hogs from the ravages of this disease. 
Holland, Austria, and Hungary were also similarly affected. 
The disease has invaded the United States several times during 
the last half century. In 1914 and 1915 the disease was of 
very serious importance to the stock industry in America, but 
it was soon brought under control. 
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Distribution. —Foot-and-mouth disease in its distribution is 
practically world wide. It is present or has been present in 
North and South America, Europe, Asia, and Africa. 

The virus of foot-and-mouth disease .—Prior to 1890 aphthous 
fever was thought to be caused by bacteria or protozoans. Va¬ 
rious bacterial and protozoan forms had been described. In 
1897 Loeffler and Frosch (1) proved that the virus of foot-and- 
mouth disease will pass through the pores of a Chamberland or 
Berkefeld filter. This observation was later confirmed by Hec- 
ker(2) and by Nocard (3) and since 1900 has been repeatedly 
confirmed by other investigators. The virus is present in the 
contents of the vesicles and during the early stages of the dis¬ 
ease can be demonstrated in the blood stream. The milk 
may contain the virus before any vesicles appear and often 
remains infective during the entire febrile period of the disease. 
Other secretions of the body, such as the saliva, tears, and na¬ 
sal discharge, may contain the virus as a result of contamination 
with vesicular contents. The vesicular contents may include 
various bacteria, such as streptococci, staphylococci, and sarcinse. 
These bacteria may be regarded as secondary invaders and of 
no etiological significance, although they may influence the 
course of the disease and later produce deep ulcers, mastitis, 
inflammation of the hoofs, and pyaemia. Frosch and Dahmen(4) 
recently reported the cultivation of the virus of foot-and-mouth 
disease by a method based primarily upon the concentration 
or sedimentation of the virus by centrifugation at 3,000 revo¬ 
lutions per minute for one-half to one and a half hours. The 
British Committee, (5) Abe, (6) Gins, (7) and Olitsky and Boez(S) 
have all been unable to confirm the work of Frosch and Dah- 
men. Olitsky and Boez have shown that after two hours cen¬ 
trifugation of the virus in active guinea-pig blood, aspirated 
lymph, or suspensions of ground infected pad tissue, at 2,600 
to 3,000 revolutions per minute, the topmost portion of the 
specimen was as active as the lowest layer. These authors point 
out that the inability to sediment the virus may indicate that 
the active agent is very minute, but not necessarily that it is 
of the nature of a contagium vivum fluidum. These authors 
were able to infect guinea pigs and propagate the virus of 
foot-and-mouth disease through two hundred sixty-one pas¬ 
sages in this animal. The virus is markedly epitheliotropic. 
They state that over two thousand animals proved susceptible 
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to the virus, and cattle and hogs could again be infected with¬ 
out any difficulty with the virus propagated in guinea pigs. 
They observed no natural immunity in guinea pigs to the virus. 
Their virus, obtained originally from an infected cow, was active 
in dilutions of 1 : 10,000,000 and they concluded that “the rate 
and energy of action of the virus were proportional to its con¬ 
centration, thus differing from the behavior of certain enzymes.” 
They believe that the failure of deposition of the virus by cen¬ 
trifugation is related to the minute size of the infectious agent. 
They found at least two types of virus corresponding to Val- 
lee’s types “O” and “A.” These do not cross-immunize. 

In a further report Olitsky and Boez have demonstrated by 
catarphroresis experiments that the virus of foot-and-mouth dis¬ 
ease carries an electro-positive charge. Its isoelectric range 
is at about P H 8. This fact is exceedingly interesting and per¬ 
tinent to the study of filterable viruses for it indicates that the 
viruses of this group are different from ordinary bacteria in 
respect to their electric charge; it indicates the possible separ¬ 
ation of the virus from protein and suggests an explanation of 
the high resistance of viruses of this nature to certain chemicals. 
These authors also succeeded in filtering the virus of foot-and- 
mouth disease through Chamberland, Berkefeld, and Seitz fil¬ 
ters as well as through collodion membranes and Bechhold’s 
ultrafilter. Filtration through collodion membranes was re¬ 
garded as successful only when the thinnest membranes were 
employed and in general the method was not considered satis¬ 
factory. With the Bechhold filter Olitsky and Boez determined 
the relative size of the virus of foot-and-mouth disease to range 
between 20 and 100 millimicrons in diameter. These results 
conform closely to those of Zinsser and Fei-Fang Tang(9) in 
later experiments showing an order of various substances as 
follows: Crystallized egg albumen; crystallized serum albumin; 
trypsin; collargol, casein; bacteriophage, Rous sarcoma, and 
herpesvirus; and arsenic trisulphide. 

In 1908 Terni(iO) observed a protozoan ( Cytorhyctes) that 
measured about 0.5 micron in the vesicular lymph and in the 
internal organs of over four hundred cattle affected with foot- 
and-mouth disease. Later, in 1911-12, Siegel (11) demonstrated 
cocci (Cytorhyctescoccus) whose diameter measured 0.1 to 0.2 
mieron in the blood, vesicular lymph, cell plasma, and heart 
muscle of affected animals. Huntemuller(i2) described coccus¬ 
like globules in the vesicular lymph and in the epithelial cells 
that he thought were the causative agents in the disease, How- 
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ever, it seems altogether likely that Huntemiiller’s globules were 
in reality fat droplets. Betegh(lS) described in 1911 very small 
motile bodies, 0.25 to 0.1 micron, in the epithelial cells of the 
vesicles and later free in the lymph. Such bodies as these, how¬ 
ever, have been observed in normal tissue fluids under dark field 
and little significance is attached to their presence. 

In spite of all the data that have accumulated purporting 
to identify the etiological agent of foot-and-mouth disease with 
bacterial and protozoan forms that are visible under ordinary 
magnification, we must, in the light of modern investigation, 
conclude that the infective agent in this disease is ultramicro- 
scopic and filterable. 

The virus of foot-and-mouth disease is destroyed in about 
twenty-four hours, by drying at room temperature. Diluted 
virus hermetically sealed in tubes will retain its virulence for 
three or four months. It is destroyed at 50 2 C. within twenty 
minutes. It resists 70° C. for nearly ten minutes, while 100 2 
C. destroys it immediately. In milk the virus is destroyed dur¬ 
ing the process of souring. 

Infections result experimentally in cattle following the intra¬ 
venous administration of 0.005 cubic centimeter of fresh pure 
lymph. Artificial infection may also be effected by rubbing 
virulent lymph into the scarified skin. 

Incubation period in foot-and-mouth disease .—In artificial 
infections, depending upon the amount and virulence of lymph 
injected, there is an incubation period of one to six days. The 
first lesions appear on the mucous membrane of the mouth, and 
within one or two days later lesions appear upon the feet. In 
the natural infection the incubation period ranges from two to 
seven days. 

Symptoms .—Natural infection may occur directly when 
healthy animals come in contact with infected animals. Presu¬ 
mably the virus enters the susceptible host by way of the mucous 
membranes. Indirect transmission is far commoner, however, 
than direct spread of the disease. The body excretions and 
secretions of affected animals contaminate stables, yards, cribs, 
food, drinking water, pastures, highways, and all places to which 
infected animals have access. Attendants may also transmit the 
disease from infected animals to healthy animals. 

Following intravenous injection in cattle, the disease begins 
with a rise in temperature during the first two days up to 40 or 
41° C. As soon as the vesicles begin to appear the fever starts 
to descend and the disease runs its course without fever. Along 
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with the initial fever there is a rapid pulse and diminished ap¬ 
petite. 

While lesions in the mouth are commoner in cattle than 
in sheep, goats, and hogs, the buccal mucous membrane becomes 
sensitive and the animal may cease to eat entirely. The mu¬ 
cous membrane of the lips and gums is dry and reddened. Sa¬ 
liva accumulates in great quantities and falls from the mouth 
when it is opened. Usually on the second or third day after 



FIG, 3. Fever curve in a typical case of foot-and-mouth, disease. (From 
Hutyra and Marek.) 


onset of symptoms vesicles appear which at first contain a clear 
watery fluid that later becomes grayish white. After one or 
two days the vesicles break and a painful flat erosion remains. 
These erosions soon become covered with new epithelium and 
the animal again begins to eat. In cattle vesicles also develop 
on the muzzle, and at the base of the horns, and in hogs upon 
the snout. Vesicles may in some cases also appear in the 
nasal passages and upon the conjunctiva. In other cases the 
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pharynx may also become involved and the affection may spread 
to the trachea and lungs. 

The hoof infection usually develops at the same time or di¬ 
rectly following the eruption on the buccal mucous membranes. 
At first the animal shows signs of lameness and the affection 
may be so severe that the animal refuses to walk at all and lies 
on the ground. Vesicles appear on the skin of the coronary 
band, the heel of the foot, and the interdigital space. These ves¬ 
icles usually burst before those in the mouth and become mixed 
with dirt and form crusts. New epithelium is gradually formed, 
and healing with scab formation takes place. In some cases 
the coronary band becomes separated from the horny border 
and a crack may remain between the newly formed horn and 
the old wall and healing may require several weeks. In cattle 
the vesicular lesions frequently appear upon the udders. These 
lesions may become serious and lead to painful swelling of the 
udder and catarrh of the milk duct. 

Complications such as spread of the lesions to the trachea 
and lungs, formation of ulcers, septicsemia, and pyaemia as a 
result of exogenous bacterial invasion, etc., may occur. In 
goats and sheep the affection is usually mild, though severe out¬ 
breaks have occurred. In some cases the symptoms may be so 
mild that the affection remains unnoticed. In hogs the extrem¬ 
ities are chiefly affected and more rarely the mucous mem¬ 
branes. In cattle abortion frequently results. In young stock 
the losses from foot-and-mouth disease may be from 40 to 60 
per cent of the newly born or very young calves. This was 
true in the Hungarian epidemic in 1910. Malignant forms of 
the disease have been reported in which, without complications, 
the disease usually results in death of the cattle. Such forms of 
the disease were evidenced immediately following the World 
War. However, in general, the great majority of cases of foot- 
and-mouth disease run a favorable course. In uncomplicated 
cases the disease runs its course in two to three weeks. While 
some eases are left permanently affected with chronic distur¬ 
bances of the hoof, the majority recover completely. 

Animals susceptible to the virus of foot-and-mouth disease .— 
Cattle, hogs, sheep, and goats are apparently susceptible to this 
virus in the order given. Other susceptible animals include 
buffaloes, reindeer, camels, and exceptionally horses, dogs, and 
cats. Guinea pigs and rabbits have been used for experimental 
purposes. Mild infection with foot-and-mouth disease virus 
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may occur in man and is characterized by a gastrointestinal 
catarrh. 

Immunity in foot-and-mouth disease .—One attack of the dis¬ 
ease confers a definite immunity to second attacks. This im¬ 
munity is said to last for about one year. Cases have been 
known to become reinfected within six to ten weeks and even 
after ten to twelve days. Calves from cows that have recovered 
from the disease at an advanced stage of pregnancy, according 
to Loeffler and Frosch, may be immune from both natural and 
artificial infection. Feeding of milk from an immune cow does 
not produce any immunity. According to Mobius(l4) the virus 
may be transmitted from mother to calf and the young calf may 
be born with the disease. 

While many methods of immunization have been advocated 
for the prevention of foot-and-mouth disease, it may be stated 
that at present there is no method satisfactory for general use. 

Pathology .—Autopsies reveal several characteristic changes as 
a result of the infection, such as the following: Vesicular ex¬ 
anthema, acute catarrhal swelling of the mucous membranes 
of the respiratory tract, minute haemorrhages on serous mem¬ 
branes such as the visceral layer of the pericardium, in some 
cases ulcerations on the mucous membranes of the respiratory 
tract and intestinal tract, oedema of the valves of the heart, 
enlargement of the spleen, fluid in the pericardial sac, and in 
cases of complication evidence of septicaemia and pyaemia ma y 
be noted. The changes in the heart muscle were first de¬ 
scribed by Johne(i5) and consist in hyaline degeneration of the 
muscle fibers, and in prolonged cases evidence of necrosis and 
of connective-tissue regeneration may be noted. These ch ang es 
have been thought to represent a myxolytic process induced by 
specific foot-and-mouth disease toxin. 

Control measures in foot-and-mouth disease .—While the loss 
of milk and loss of working hours are the chief economic fac¬ 
tors in this disease, it has been pointed out that in certain 
epidemics the mortality of the disease may be exceedingly high. 
Prevention and control consists in isolation of infected a nimal s 
and quarantine of new animals that are to be introduced into 
old herds. Calves should be prevented from sucking their 
mothers and should receive milk that has been heated to 70° C. 
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HOG CHOLERA: SWINE FEVER 

Typhoid fever j Cholera suum, Peste du porc (French); Schweinefest 
(German); Peste porcina (Italian) 

Definition*—Hog cholera is an acute septicemic disease of 
swine caused by a filterable virus and characterized by an acute 
febrile reaction with inflammatory swelling of the conjunctiva, 
eczematous 1 eruption of the skin, followed by diarrhoea. 
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History.— In 1885 Salmon and Smith first described this dis¬ 
ease as an affection of hogs in America. These authors de¬ 
signated a short motile rod, Salmonella suipestifer, as the cause 
of this disease and further differentiated this condition from 
swine septicsemia, or swine plague, which was recognized in Ger¬ 
many about the same time. However, the American authors 
demonstrated that the two affections often appeared at the same 
time in the same animal and attributed the severity of the disease 
in American hogs to the dual infection. This interpretation was 
concurred in by other investigators of the time, notably Moore 
and de Schweinitz in America and by Raecuglia and Affanasieff 
in Europe. However, the frequency of the dual or mixed infec¬ 
tion caused certain investigators in America and in Europe to 
question the identity of the two diseases though no experimental 
proof was available at that time to substantiate their doubts. 
Bacillus suipestifer had been found in the blood, the liver, and 
the spleen; this organism was known to produce a toxin in cul¬ 
ture media; attenuated cultures had been used as vaccines and 
conferred a certain immunity, and inoculation of cultures pro¬ 
duced a disease with symptoms and lesions similar to the natural 
disease. Now it is known that the disease produced by arti¬ 
ficial inoculation is not contagious, while the natural disease is 
highly contagious. 

It was not until 1904 that de Schweinitz and Dorset (1) re¬ 
ported a disease occurring in the state of Iowa which clinically 
resembled hog cholera and found that this disease could be trans¬ 
mitted from diseased animals to healthy animals by filtered 
bacteria-free blood. Later Dorset, Bolton, and MeBryde(2) 
proved that this disease was in reality identical with hog chol¬ 
era and advanced the idea that Bacillus suipestifer was merely 
an associated organism and produced lesions only secondarily 
in the already infected animal. This work was quickly con¬ 
firmed in America by Clintock, Boxmeyer, and Siffer(3) and 
in Europe by HutyraG) and Ostertag;(5) Theiler(6) in South 
Africa reported similar findings. Thus the etiology of hog 
cholera was established as due to a filterable virus and methods of 
treatment and immunization were directed into new channels. 
According to Joest there is no longer any reason for distinguish¬ 
ing between “hog cholera in the narrow sense” (pure hog cholera 
and mixed infection) and “hog cholera in a broader sense” 
(the two forms of “bacillary hog cholera”). Furthermore, ac¬ 
cording to Hutyra and Marek such distinction is not justifiable, 
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for the reason that the last-named disease is not hog cholera. 
(Paratyphoid in pigs.) 

Distribution. —It is said that hog cholera first appeared in the 
state of Ohio in 1833. From Ohio it spread over the entire 
United States. It was first established, according to all avail¬ 
able records, in England in 1862. In England in 1896 it caused 
a lose of 30 per cent of all hogs in the country. It is supposed 
to have spread from England to Sweden in 1887. The same 
year it appeared in Denmark and in Amagar Island. About 
the same time the disease appeared in France, Spain, and Italy. 
There was a serious outbreak of hog cholera in Germany in 
1893 and from there it is thought to have spread to Prussian Si¬ 
lesia, Austria, Hungary, Russia, and Roumania in 1895. 

It is estimated that in the United States this disease caused 
losses in 1873 of twenty million dollars; in 1882, thirteen mil¬ 
lions; in 1883 and 1885, twenty-five and thirty millions, re¬ 
spectively, while in 1888 the loss was estimated to have affected 
45,000,000 hogs of a value of 200,000,000 dollars. In 1903 Sal¬ 
mon estimated the loss due to this disease at 50,000,000 dollars, 
and Kinsley in 1914 estimated the loss at 100,000,000 dollars. 
In 1918 in the United States out of a total of 75,000,000 hogs, 
Mohler estimated that 2,815,900 became victims of hog cholera, 
The disease is also known in Central and South Africa where it 
causes great losses. 

Incubation period .—The incubation period of hog cholera in 
artificial infections produced by breeding healthy with infected 
hogs is at least four days and usually thirteen to eighteen days. 
When the disease is produced by injecting virulent blood sub¬ 
cutaneously the incubation period is from eight to ten days, 
exceptionally five days and in some cases as long as two to 
three weeks. 

Symptoms .—The first symptom is an elevation in temperature. 
Other symptoms may not appear for two or three days after 
the onset of fever. In the severe cases the temperature re¬ 
mains almost at a constant level until death. In less-severe 
cases it may drop and in favorable cases return to normal. 

Following the rise in temperature the first symptom noticed 
is the lack of appetite. An acute conjunctivitis with mucous or 
mucopurulent secretion is present early in the disease. Vomiting 
of the stomach contents stained with bile may appear very 
early. There is at first constipation but diarrhoea shortly sets in. 
The animal becomes weakened, and if improvement does not 
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ensue the animal dies within four to seven days with septi¬ 
caemia. 

The mixed form is less acute though inflammatory changes ap¬ 
pear on the buccal mucous membranes and may be observed by 
exploring the buccal cavity. Haemorrhages from the body 
cavities are not rare, and pneumonias are frequent complications 
which contribute to the high mortality of the disease. Where 
only the intestinal symptoms are manifested the prognosis in the 
disease is much better. 

Animals susceptible to hog cholera .—Hogs of all breeds and 
of all ages are susceptible to hog cholera. Higher-bred hogs 
and younger animals are more susceptible than others. In in¬ 
fected localities where the older animals have had the disease 
the disease is limited to the younger growing animals. Pigs of 
diseased sows if they become affected usually die. Usually pigs 
of immune sows resist artificial infection but may become in¬ 
fected on infected premises. After birth, particularly after 
weaning, young pigs lose their immunity and the immune bodies 
that are present in the milk vanish very rapidly. 

The virus .—In the infected animal the virus of hog cholera is 
present in the blood, bile, faeces, urine, conjunctival secretions, 
and in all organs. The virus is filterable through Berkefeld 
filters. 

All attempts to demonstrate the virus under the highest mag¬ 
nification or to cultivate it in artificial culture media have failed. 
Unlenhuth has described certain cellular inclosures in smears 
prepared from the conjunctiva. These inclosures represent very 
fine granules similar to the so-called trachoma bodies in man 
to which reference is made in Chapter I. Such inclusion bodies 
are considered by Prowazek and Halberstadter as parasites. 

HutyraC') states that the virus adheres to the red blood cells 
and is not separated from the red blood cells after repeated 
washings. In fact the virus has been found in the serum which 
has separated from the blood clots, and according to Meyer the 
virus is absorbed by the red blood cells of other species. Ruther 
found a very small spirochaete, Vibrio sitis, in the ulcers of the 
intestines and in lymph glands and ulcers which appeared upon 
the skin. Such organisms have also been demonstrated in the 
blood stream of infected hogs. Drake found similar spirochsetes 
in American hogs and named them Spirochete hyos and such 
spirochsetes are said to pass through Berkefeld filters in the 
form of fine granules. Arnheim regards these spirochsetes only 
as saprophytes. Healy and Gott observed small round and 
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elongated bodies which, after staining by Giemsa’s method, 
measured about 0.2 to 0.3 inch in size. These bodies were 
apparently inclosed in a gelatinous substance, but their signifi¬ 
cance is doubtful. 

Two bacterial forms have been associated with hog cholera. 
One is known as Bacillus suipestifer; the other, which is 
known as Bacillus suisepticus, is identical with the organism of 
pure swine plague. 

Bacillus suipestifer (B. cholera suis) belongs to the paraty- 
pnosus B-group. It resembles the colon bacillus and occurs 
chiefly in pairs or singly, but in cultures it forms chains and 
filaments. It is motile and possesses flagella arranged peritri- 
chally. It is Gram negative and grows either aerobically or 
anaerobically at room temperature or at body temperature. On 
agar bluish, flat, transparent, round colonies appear, and on 
gelatin the colonies are quite similar. Gelatin is not liquified. 
Dextrose is fermented but lactose is not, thus differentiating it 
from B. coli. Mice, guinea pigs, and rabbits are highly suscep¬ 
tible to this organism, and pigeons are only slightly susceptible. 
A disease characterized by inflammation and ulceration of the 
intestines and lymph glands as well as a hemorrhagic septicaemia 
is produced in hogs when cultures of this organism are fed, 
injected subcutaneously, or injected intravenously. 

Immunity in hog cholera. —One attack of the disease confers a 
definite immunity. We have seen that young pigs possess im¬ 
munity following birth if the mother sow has passed through 
the disease. This immunity, however, is only temporary. 

Practical immunization has been carried on in a number of 
ways. In Hungary immunization with blood serum from slaugh¬ 
tered or recovered animals has been used, but the results were 
not very promising. Passive immunization with an immune se¬ 
rum prepared in hogs which had acquired an immunity from 
natural or artificial infection, by injecting virulent blood, has 
given fairly satisfactory results in that such a serum protects 
susceptible animals for about three weeks. Such a serum also 
appears to have some curative value especially during the in¬ 
cubation period of the disease. Such injections may be given 
at later periods to prolong the immunity. 

The most effective method of immunization in hog cholera 
is known as the simultaneous method. According to this prac¬ 
tice susceptible animals are given subcutaneous injections of 
about 20 eubie centimeters of immune serum and at the same 
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time 1 to 2 cubic centimeters of virulent blood. Immunity con¬ 
ferred in this manner lasts about six months, though the method 
is not without danger in that some of the animals become symp¬ 
tomless carriers and are therefore a source of danger to suscep¬ 
tible animals. If is thought that one reason for this is the 
varying virulence of the virus and the fact that there is no way 
at present of standardizing the immune serum. 

All attempts to prepare an efficient vaccine from the tissues 
of infected animals have failed. Likewise the preparation of a 
vaccine from virulent blood by special methods of treatment, 
such as heating, chemical treatment, etc., has resulted in a vac¬ 
cine of very doubtful value. 

Pathology in hog cholera .—In pure hog cholera we are deal¬ 
ing with a hsemorrhagic septicaemia. The intestinal wall pre¬ 
sents numerous small red haemorrhages. Similar lesions are 
found in the pleura and epieardium though they also appear 
elsewhere in the body. They are frequently found in the skin, 
and the lungs may present the same picture or various-sized 
haemorrhagic infarcts. Large haemorrhages may be found in the 
endocardium and more rarely in the meninges. All lymph 
glands are swollen and their cut surfaces present numerous small 
haemorrhages. The bone marrow is dark blackish red and is 
very characteristic. 

In the mixed form of hog cholera there are definite changes 
that indicate secondary infection. The lymph follicles of the 
intestines contain hard caseous nodules, and deep ulceration is 
frequently present. In some cases the caseous nodules are also 
present in organs such as the liver, kidneys, spleen, lungs, udder, 
and bone marrow. Other changes, such as haemorrhages in the 
skin and organs, necrosis of the gall bladder, urinary bladder, 
and vagina, are not uncommon. 

Control measures in hog cholera .—Effective control measures 
that have been used in various countries include isolation of 
infected animals, reporting of the disease, quarantine measures, 
slaughtering of affected animals and destruction of carcasses, 
and immunization. 

Hog cholera is definitely contagious and the Bureau of Animal 
Industry in the United States has conducted control in this 
disease since 1914 with increasingly better results. In their con¬ 
trol measures vaccination is very important, and the Bureau 
controls the manufacture of biologic products for this disease 
according to government regulation. 
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rinderpest: cattle PLAGUE 

Typhus bovum contagiosus, Peste bovine; Typhus contagieux 
(French) ; Orirntalische Rinderpest (German) ; Peste bo villa 
(Italian) 

Definition. —Rinderpest, or cattle plague, is an acute, febrile, 
contagious, and infectious disease of cattle. It is characterized 
by fever, a fine pseudomembrane formation upon the mucous 
membranes, increased salivation, and in most cases a nasal dis¬ 
charge and profuse bloody diarrhoea. 

History. —Rinderpest has been known since earliest times and 
is thought to have originated in Asia. Its infectious nature was 
recognized as early as 1744. In olden times it was considered 
identical with such diseases as smallpox, typhus fever, and 
dysentery in man. At one time it was thought to have a sponta¬ 
neous origin, and its etiology remained a mystery until 1902 
when Nicolle and Adil-Bey(i) demonstrated that the causative 
agent of this disease is filterable through porcelain filters. Since 
that time it has been classified definitely with the filterable 
virus diseases. 

Distribution. —Rinderpest has always been present in Asia. 
In 1711 the disease was prevalent throughout Europe and caused 
enormous losses of cattle. During the Napoleonic Wars it is 
said to have caused great losses in Germany and France. Dur¬ 
ing the Franco-Prussian War the plague again extended over 
middle Europe, but since 1881 it has been completely suppressed. 
Since that time it has occurred in Russia and Turkey, and during 
the World War the disease spread into Bulgaria and later into 
Roumania though it was quickly eradicated. In 1920 the dis¬ 
ease was introduced from Asia into Latvia and on into Poland. 
It is said still to exist in northeastern Poland, though it has been 
eradicated elsewhere. During the same year the disease was 
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introduced into Belgium with Zebu cattle from India and ra¬ 
pidly spread throughout Belgium so that eighty-five townships 
were involved. It was completely eradicated within a short time. 
Since 1921 cattle plague has been prevalent in various parts of 
Asia and Africa and is the most important disease of cattle in 
the Philippine Islands at the present time. The disease does 
not exist in the United States. 

The virus of rinderpest .—Rinderpest virus is passed from ani¬ 
mal to animal, chiefly through contaminated food and water. 
The virus is present in the blood stream of affected animals, in 
various tissues of the body such as brain, lymph glands, spleen, 
liver, heart, thymus, intestines, muscles, larynx, pharynx, and 
the base of the tongue. It is also present in the intestinal con¬ 
tents, cerebrospinal fluid, and peritoneal exudate. Berkefeld or 
Chamberland filtrates of the last three materials were demon¬ 
strated by Nocard (2) to be infectious. According to Koch,(3) 
Kolle, (4) and Theiler(o) blood serum from infected blood does 
not contain the virus. Theiler and Baldrey(6) believe that the 
virus is closely adherent to the blood cells, while Nicolle and 
Adil-Bey believed the virus to be inclosed in the leucocytes. 

Nothing is known regarding the morphology of the virus of 
cattle plague. BraddonU) thought that minute, punctiform, 
needle-shaped bodies within and adherent to the blood cells, as 
well as in the plasma, were the causative agents of this disease. 
These were considered by other investigators to be artifacts. 
Cultivation of the virus has not been successful. Boynton (8) 
states that the virus remains active in clotted blood longer than 
in defibrinated or citrated blood. In his experiments he has de¬ 
monstrated that the virus remains virulent for sixteen days in 
fertile hens’ eggs but not so long in nonfertile eggs. He further 
showed that virulent blood in open tubes at 40 3 C. becomes inac¬ 
tive after three days, which indicates that anaerobic conditions 
are necessary. This author has also demonstrated that 0.000337 
cubic centimeter of infected whole blood is capable of transmit¬ 
ting the disease to suceptible animals while 0.00011 cubic centi¬ 
meter and 0.0001 cubic centimeter failed to transmit the disease. 
Ten cubic centimeters of blood from infected animals was centri¬ 
fuged at 3,000 revolutions per minute for three hours and it 
was found that the upper 7 cubic centimeters remained nonin- 
fective while the lower 3 cubic centimeters produced the disease. 
In two hours time the upper 7 cubic centimeters were also in¬ 
fective. Certainly the possible effect of heat generated during 
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prolonged centrifugation such as Boynton has used should be 
taken into consideration in evaluating experiments of this kind. 
The virus at the top of the tube may have been destroyed by 
heat. 

The virus of cattle plague is extremely sensitive to environ¬ 
ment outside the body. Rifik-Bey(9) states that the “virus is es¬ 
sentially fragile and incapable of development in external media.” 
Edington(lO) has shown that the nasal mucus from spontaneous 
cases was found to lose its virulence very quickly when exposed to 
the air longer than twenty-four hours. Stockman (li) states 
that the virulent material of cattle plague does not remain active 
for more than a day or two outside the body. According to 
Yersin(i2) two days of desiccation are sufficient to destroy the 
virulence of the blood. In contrast to these observations Rue- 
diger(l3) states that pastures which have been occupied by sick 
animals may remain infected for months or even years. Ac¬ 
cording to Boynton’s experiments the virus of cattle plague did 
not survive beyond twenty-four hours in corrals bare of vegeta¬ 
tion but containing water. This author made his tests during 
various seasons of the year and found no variations in this re¬ 
spect. He found that susceptible animals placed in infected 
corrals became infected within half an hour, twelve hours, and 
seventeen hours. Further, he demonstrated that urine from in¬ 
fected animals contains the virus and when sprinkled on the 
grass remained infective for thirty-six hours. Faeces diluted 
with water and sprinkled on the grass remained infective for 
twenty-four hours. 

Direct sunlight destroys the virus of cattle plague within two 
hours, and putrefaction is said to destroy it within a very short 
time. Two per cent phenol, 1 : 1000 corrosive sublimate, and 1 
per cent milk of lime are all efficient virucides for this agent. 
The virus is said to exist in the blood and secretions of animals 
for about thirty days after recovery from the disease, but as 
long a period as one hundred forty days in which the virus 
remained in the lesions is on record. Some authors believe that 
the virus might be permanently eliminated by animal carriers. 
Cattle, sheep, goats, and hogs may carry the virus and not be 
effected by the disease, but this concept has not had definite 
proof. Certainly the ease with which some epidemics of the 
disease have been eradicated indicates that transmission of the 
disease by carriers is not such an important factor. 

Incubation period in rinderpest —The time of incubation in 
cattle ranges from three to nine days. In some cases the first 
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symptoms of the disease may occur as early as twenty-four to 
thirty-six hours, while in exceptional cases the incubation period 
may extend from sixteen to twenty-four days. In 1867 the in¬ 
ternational veterinary congress met in Vienna and established 
the average incubation period at nine days. 

Symptoms .—The first symptom to appear is a rise in tem¬ 
perature. The temperature may go as high as 42 1 C. The ani¬ 
mal is depressed and stands apart from other animals with the 
head dropped and back arched. In some cases there is a short 
period of excitement which lasts for a few hours. The appetite 
is diminished, but thirst may be markedly increased. The urine 
is scanty and of a darker color. Milk secretion is diminished. 
Respiration and pulse are accelerated. About the second day 
the mucous membranes become inflamed, the conjunctivas are 
red, lacrimation is increased, and the lips become swollen. There 
may be a brown fetid discharge from the nose, and the nasal 
mucous membrane is markedly inflamed and covered with mi¬ 
nute haemorrhages. The buccal mucous membrane is inflamed, 
and salivation is increased. On the surface of the membranes 
are noted grayish white nodules which at first are hard but 
later become soft. Larger patches then develop which may be 
wiped off. These have been called Gerlach’s “caseous plaques.” 
Eventually erosions appear, and in some eases ulcers are formed. 
The process also involves the mucous membrane of the intestinal 
tract, and at first there is constipation followed in one or two 
days by a profuse diarrhoea. The stools are thin, watery, fetid, 
sometimes bloody, and contain mucous shreds. There is a mu¬ 
copurulent discharge from the vagina of cows and heifers. Ac¬ 
cording to Dieekerhoff the respiratory symptoms begin with 
a dry, painful cough. Respiration is accelerated and there is 
marked vesicular breathing followed later by dry and moist 
rales. The heart later in the course of the disease becomes 
weakened. The fever reaches its height about the fifth or sixth 
day and then drops with the onset of the diarrhoea to normal or 
below normal. In some cases skin lesions appear in the form 
of vesicles over the back of the neck and on the scrotum. Preg¬ 
nant animals frequently abort during the course of the disease. 
In most cases the course of the disease runs from four to seven 
days. Death may result the second or third day or the disease 
may be prolonged for fourteen to sixteen days. Convalescence 
lasts from two to three weeks. 

Aberrant forms of cattle plague occur. For instance, Rick- 
mann(l4) in German South Africa states that cattle and 



The Philippine Journal of Science 


1929 


216 


other animals may be infected to imperceptible degrees. Egger- 
brecht(iB) states that in China cattle may only have a rise in 
temperature to 40° C. for two days. Littlewood(i6) in Egypt 
observed that cattle imported from Asia Minor may not show 
clinical symptoms of the disease and yet at autopsy reveal lesions. 
Baldrey.(i7) believes that the virus becomes attenuated by long 
residence in one place. There seems to be little evidence of this 
fact in the Philippines where the disease has been present for 
over thirty years. Baldrey has described a toxin produced in 
broth when infected blood was added to it, but Boynton states 
that there is no evidence of toxin formation. 

Animals susceptible to the virus of rinderpest. —Cattle, cara¬ 
baos, goats, sheep, and hogs are all affected by rinderpest. 
Camels are said to have been artificially infected. Certain 
breeds of cattle are more resistant than others. The mortality 
varies greatly with the breeds of cattle and with the species of 
animal affected. In range cattle it is less than 50 per cent, while 
in colored breeds it may be 75 per cent. In goats the mortality 
Is low. Usually only an elevation of temperature and in some 
cases a diarrhoea is noted. This was noted by Kolle and Tur¬ 
ner (18) and by Topacio(i9) and corresponds to the author’s ob¬ 
servations in the Philippines. (20) 

Immunity. —Recovery from an attack of cattle plague usually 
results in a long-lasting immunity, in some cases for the life of 
the animal. Artificial immunization may be carried out by at 
least two methods with a high degree of success. A number of 
methods of immunization against rinderpest have been ad¬ 
vanced; such as, immunizing with secretions of affected ani¬ 
mals, with bile of affected animals, with blood serum alone, the 
simultaneous method (immune serum and virus), etc., but the 
most dependable methods are those of Boynton and of Rei¬ 
ser. (21) Boynton believes that the immune-serum method is 
too expensive and inefficient since the immunity so produced 
lasts for only ten to twenty-one days. Boynton’s vaccine has 
been used in the Philippines with good success for several years 
and consists of ground infected tissues (lymph glands, spleen, 
liver, heart, kidneys, and testicles) treated with glycerin and 
phenol as follows: Tissue, 900 grams; glycerin, 300 cubic cen¬ 
timeters ; and phenol, 6 cubic centimeters. The vaccine is stored 
in amber bottles, heated in a water bath at 42° C. for three hours, 
and then stored in the ice box for three to six months before 
using. Healthy animals receive two or three injections and are 
found to have developed an immunity which lasts from one to 



39 , 1-4 McKinley: Filterable Virus Diseases 217 

two years. This method is equally effective for Herefords, Jer¬ 
seys, Guernseys, Holsteins, mixed breeds, and carabaos. 

Recently Kelser and the Bureau of Agriculture of the Philip¬ 
pines, working in collaboration, published a method of preparing 
a vaccine for rinderpest which consists of ground infected tissue 
diluted with an equal part of physiological saline. Chloroform 
is added and thoroughly mixed with the vaccine just before 
storing in the ice box, and it is found that this vaccine may be 
used within a few hours after preparation while the Boynton 
vaccine must be “ripened” for long periods of time before' use 
and further will keep for only a short time. In most of Reiser’s 
experiments this vaccine was used within twenty-four hours 
after preparation. Vaccine prepared according to the method of 
Kelser has been demonstrated to retain its potency for a period 
of at least one year. Thus this represents a decided advantage 
over the Boynton method. The Kelser method is somewhat sim¬ 
ilar to a method which has been employed in Japan in recent 
years by Kakisaki and his associates. ( 22 ) For the destruction 
of the rinderpest virus in their vaccine, these investigators em¬ 
ploy toluol and glycerin, and, further, subject the vaccine to the 
action of incubator temperature, 37.5° C., for seven to ten days. 
Toluol results in a very viscid vaccine which offers difficulty in 
administration, and, further, it is absorbed very slowly. 

Rodier(23) has prepared a vaccine consisting of ground lymph 
gland, tonsils, and spleen. The tissue is then treated as in the 
method described by Kelser. In Rodier’s opinion a vaccine pre¬ 
pared from these tissues is much more potent than vaccine 
prepared from other tissues and preliminary experiments have 
demonstrated that one injection of 15 cubic centimeters (7.5 
grams) will protect carabaos against rinderpest. 

To summarize the present status of the immunization of sus¬ 
ceptible animals against rinderpest with tissue vaccine Kelser (24) 
states: 

A chloroform-treated vaccine, consisting of a suspension of finely ground 
tissues (lymph glands, tonsils, spleen, liver) from animals killed in the 
acute stages of rinderpest is highly efficacious. Such vaccine can be used 
shortly after preparation, offers no technical difficulty in administration, 
and possesses excellent keeping qualities. 

Cattle and carabaos are solidly immunized against the disease when 
given three, weekly injections of such vaccine in amounts of 15 to 20 
cubic centimeters. For the immunization of cattle, experimental evidence 
indicates that in practice the number of injections of this vaccine can 
actually be reduced to one with satisfactory results. However, for the 
immunization of carabaos, if a single dose of vaccine is to be employed 
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it is desirable, in the preparation of vaccine for such animals, to use 
only the tissues of very highest potency (lymph glands, tonsils, spleen), 
leaving out the less potent liver tissue. This is necessary because of 
the extreme susceptibility of carabaos to rinderpest. Where such pro¬ 
cedure is followed it is entirely possible to satisfactorily immunize ca¬ 
rabaos with a single injection of vaccine. A number of experimental and 
field tests along this line by Eodier have fully established this point. 

Pathology .—At autopsy animals dead of cattle plague show 
the most important changes in the mucous membranes, especially 
those of the gastrointestinal tract. The mucous membranes are 
dark red and covered with small haemorrhages and in some parts 
with a pseudodiphtheritic membrane. In the intestines the folli¬ 
cles are swollen and contain caseous material. Peyer’s patches 
are quite similar. The inflammation is especially evident in the 
fourth stomach, in the region of the ileocsecal valve, and the 
rectum. A marked stomatitis may be present together with 
erosions and in some cases ulceration of the mucous membranes 
of the mouth. The large intestines may show only an acute 
catarrh. The liver shows parenchymatous or fatty degeneration, 
and the gall bladder is distended. The spleen may be swollen 
and show little change other than this. The kidneys show 
cloudy swelling and fatty degeneration. The lungs are hyperae- 
mic and may show evidences of a catarrhal pneumonia. The 
bronchi may be filled with a pale yellow exudate. The heart 
is flabby and shows haemorrhages under the endocardium and 
epicardium. The lymph glands are swollen and the brain shows 
moderate hypersemia and oedema in the white substance. In 
severe cases haemorrhages have been noted in the marrow of the 
long bones. 

Control measures in rinderpest .—Quarantine against countries 
where rinderpest is prevalent, and isolation of affected animals 
are indicated in controlling this disease. Prophylactic vaccina¬ 
tion is indicated in countries where the disease is present. The 
surest method of eradication is to slaughter all affected animals 
where this procedure is possible. 
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VESICULAR STOMATITIS OF HORSES 
Definition .—Vesicular stomatitis is an acute, febrile, infec¬ 
tious disease of solipeds that is characterized by a vesicular 
eruption on the tongue, mucous membranes of the cheek and lips, 
and sometimes on the skin surrounding orifices. 

History .—Vesicular stomatitis was first observed in 1884 in 
South Africa as an affection of horses. Early descriptions of 
the disease were reported by Hutchen and by Theiler. The 
disease did not appear in the United States until 1916 when 
cases where discovered among the army horses and mules about 
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to be shipped to Europe. It is thought that the shipment of 
horses and mules to Europe during the World War was respon¬ 
sible for the introduction of the disease into France, England, 
and Italy. 

The virus of vesicular stomatitis. —The virus of vesicular sto¬ 
matitis is present in the vesicles and in the saliva of affected ani¬ 
mals. With this material the disease may be easily transmitted 
to susceptible animals. It is thought that the infection usually 
is transmitted by feeding from common troughs and enters 
the susceptible host through cuts and abrasions of the lips and 
buccal mucous membranes. In France cattle also became in¬ 
fected, and in some cases the lesions of the disease resembled 
remarkably the lesions of foot-and-mouth disease. In the United 
States the disease also spread to cattle though it did not infect 
swine. The marked similarity of the lesions of vesicular stoma¬ 
titis and foot-and-mouth disease suggested that both diseases 
might be of a common origin and in fact might be one and the 
same disease. However, the disease as it appeared in cattle 
did not involve the hoofs or the udders. Mohler(i) in 1918 
and Cotton (2) in 1926 reported that the virus of vesicular stoma¬ 
titis is not fiterable through filters that retain B. prodigiosus. 
It is, of course, well established that the virus of foot-and-mouth 
disease is filterable, and the difference in the filterability of these 
two viruses appeared to be a point which could be well used for 
differentiating these two diseases one from the other. However, 
Olitsky, Traum, and Sehoening(3) have only recently shown 
that the virus of vesicular stomatitis is filterable through Berke- 
feld V and N candles, through Seitz asbestos disks, and through 
Chamberland bougies L3 and L7. Cotton (4) in a report pub¬ 
lished about the same time reports that the virus of vesicular 
stomatitis, according to his experiments, is filterable through V, 
N, and W grades of Berkefeld, bacteria-retaining filters. These 
two reports based upon experimental infection in guinea pigs, 
appear to establish the filterability of this virus beyond doubt. 
Further, Olitsky, Traum, and Schoening have shown that in 
guinea pigs cross-immunity tests with the virus of vesicular 
stomatitis and the virus of foot-and-mouth disease are negative. 
The same results were obtained in cattle. Swine are also said to 
be susceptible to the virus, and no cross immunity can be demon¬ 
strated in this animal between vesicular stomatitis and foot-and- 
mouth disease. These authors also showed that while the horse 
is highly sensitive to the virus of vesicular stomatitis when 



39,i-i McKinley: Filterable Virus Diseases 221 

inoculations are made upon the tongue, this animal is resist¬ 
ant to foot-and-mouth disease when inoculated on the tongue, 
mucous membranes of the lips, or intramuscularly. The}' re¬ 
gard the horse as the best test animal for differentiating be¬ 
tween the two diseases. 

Incubation period of vesicular stomatitis. —In experimental ve¬ 
sicular stomatitis in horses the incubation period is very short, 
ranging from thirty-six to seventy-two hours. Swine show 
a marked rise in temperature twenty-four to forty-eight hours 
after the injection of the virus. In cattle the incubation period 
in experimental infections is about forty-eight hours. Typical 
lesions are produced in the scarified hind pads of guinea pigs 
within thirty to forty hours following inoculation. 

Symptoms of vesicular stomatitis in horses —The first symp¬ 
tom of the disease to appear is a rise in temperature. This 
is followed by the early appearance of pea-sized vesicles on 
the tongue and in some cases upon the mucous membranes of 
the mouth and on the lips. The vesicles quickly rupture and 
leave a denuded area. Practically the entire surface of the 
tongue may be denuded of its epithelium. The tongue is blue 
(blauw tong) and may be covered with frothy saliva. For a 
short time the animal is unable to eat, but the lesions rapidly 
heal and recovery follows within three or four days. The out¬ 
come of the disease is practically always favorable. The author 
has been unable to find any cases of fatality on record. 

Animals susceptible to the virus of vesicular stomatitis .— 
Horses are chiefly affected by this disease, but cattle may also 
be infected naturally. Experimentally swine and guinea pigs 
may also be infected. According to Vallee and Carre (5) trans¬ 
mission to sheep does not take plaee. 

Immunity in vesicular stomatitis. —One attack of the disease 
produces an immunity to subsequent infections. Since the dis¬ 
ease is so mild it has been recommended that animals be arti¬ 
ficially inoculated in order to prevent its spread and to save 
working time. 
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INFECTIOUS PUSTULAR STOMATITIS OF HORSES 

Definition .—Infectious pustular stomatitis is a benign acute 
contagious disease of horses. It is characterized by a pustular 
eruption upon the mucous membrane of the mouth which in 
some cases develops into ulcers. 

History .—In 1878 infectious pustular stomatitis was first de¬ 
scribed under this name by Eggeling and Ellenberger. (1) Prior 
to that date the disease had been confused with foot-and-mouth 
disease, with coital exanthema, and with horsepox. Based upon 
the work of the above authors this disease to-day is recognized 
as a disease entity, although workers in England and France 
are still prone to consider the disease a form of horsepox. The 
experimental work of Eggeling and Ellenberger, however, has 
been confirmed by Freidberger.(2) 

The virus of infectious pustular stomatitis .—The virus of 
infectious stomatitis is present in the early nodules and resulting 
pustular lesions and also in the secretions of the mucous mem¬ 
brane and in the saliva of infected animals. It is filterable. 
The disease can be transmitted by rubbing infected saliva upon 
the scarified skin or mucous membrane of suceptible animals. 

The fact that by some investigators this disease is still thought 
to be a form of horsepox has been mentioned above. There is 
some expei’imental evidence to support this concept. For ex¬ 
ample cowpox virus when inoculated on to the skin of a horse, 
according to De Jong, will produce lesions similar to those of 
infectious pustular stomatitis, though a horse which has pre¬ 
viously had infectious pustular stomatitis will not react to the 
vaccine virus, thus indicating an immunity. The stomatitis 
virus also produces lesions similar to cowpox in calves, rabbits, 
and cattle. Guarnieri bodies were demonstrated by the above 
author upon the cornea of rabbits infected with the virus of 
stomatitis. Further De Jong vaccinated nine children with 
material derived from a horse affected with stomatitis, and in 
eight of the children typical vaccinia developed in from five 
to seven days while in the ninth child, who had been previously 
vaccinated, the virus did not take. 

From these experiments we may conclude that there is a 
possible relationship between the viruses of stomatitis and cow- 
pox, but for the time being, since opinion of investigators is 
divided regarding the matter, we are not justified in considering 
stomatitis and cowpox or horsepox one and the same disease. 
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In natural infection the disease does not spread to other species 
of animals, such as domestic cattle. 

Incubation 'period in infectious pustular stomatitis —In nat¬ 
ural infections the period of incubation in infectious pustular 
stomatitis is about eight days. In artificial infections it is 
somewhat shorter, ranging from three to five days. 

Symptoms. —The disease begins with a moderate rise in tem¬ 
perature of one or two degrees. Evidently the mucous mem¬ 
brane of the mouth is sensitive, for the animals feed much more 
slowly and are apparently relieved when the snout is in water. 
Salivation begins early, and saliva may be seen dropping from the 
corners of the mouth. On the mucous membranes of the mouth 
there first appear small red spots which later develop into no¬ 
dules, in turn changing into vesicles and pustules, the entire 
process requiring about six days. The pustules may later turn 
into ulcers which extend down to the submucosa. The lesions 
of the disease may also involve the nasal mucous membrane and 
the eyes (Tannenberger(3)) or may occur upon the skin (Diee- 
kerhoffW). If the skin is involved, the hair may fall out. If 
the eruption is generalized over the body, greater or lesser de¬ 
grees of emaciation may result. The ulcerations heal gradually 
with the formation of fine scar tissue. 

The disease usually runs its course within ten to fourteen days 
but may extend for three or four weeks. As a rule animals 
recover from the disease, though occasionally death follows as a 
result of secondary infection. Vesicular stomatitis may some¬ 
what resemble pustular stomatitis in its vesicular stage, but 
in the former disease no nodules are formed preceding the ap¬ 
pearance of vesicles. 

Animals susceptible to the virus of infectious pustular stoma¬ 
titis. —The disease is primarily a disease of horses, but accord¬ 
ing to Eggeling and Ellenberger the disease may also be trans¬ 
mitted to cattle, sheep, hogs, and chickens. Schultz (5) states 
that man may also become infected. 

Immunity. —Younger animals are more susceptible to the dis¬ 
ease than older animals. Since the disease is self-limited and 
epidemics do not spread for any considerable distances, it is 
believed that the virus becomes attenuated during its passage 
from one animal to another. One attack of the disease confers 
immunity to subsequent attacks of the disease for indefinite pe¬ 
riods of time. Inoculation of healthy animals with the stoma- 
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titis virus is practiced successfully in preventing the spread of 
the disease and shortening its duration. 

Control measures. —Isolation and quarantine of infected ani¬ 
mals and exposed cases together with artificial inoculation of 
the virus into healthy animals are the measures indicated for 
the control of this disease. 
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EPHEMERAL FEVER OF HORSES 
Three-day sickness;. Stiff sickness 

Definition .—Ephemeral fever is an acute, febrile infection of 
horses which closely resembles African horse sickness but is 
distinguished from that disease by its short incubation period 
and short duration of four or five days. It is characterized by 
a rapid rise and fall in temperature that lasts only a few days 
associated with weakness and slight congestion of the con¬ 
junctiva. 

History. —Ephemeral fever was described in South Africa by 
Schweinfurth in 1867 in cattle, in 1906 by Edmonds, and in 1910 
by Theiler(i) in horses. 

Distribution. —This disease occurs in South Africa in areas 
in which African horse sickness occurs and has been described 
in Rhodesia, Natal, and in the Cape colonies. 

Incubation period. —The incubation period in ephemeral fever 
is two to three days. 

Symptoms.—Alter the two to three days’ ineubation period 
there is a sudden rise in temperature, conjunctivitis, frequent 
respiration, loss of appetite; weakness, weak pulse, distinct ve- 
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nous pulse, and constipation. After four or five days the tem¬ 
perature falls suddenly. The outcome of the disease is usually 
favorable, but death results in about 3 per cent of cases, usually- 
caused by a terminal pneumonia. 

The virus of ephemeral fever .—The virus is unknown. It 
may be transmitted to healthy animals by injecting the blood of 
infected cattle. It may also be transmitted to healthy animals 
by injecting them either subcutaneously or intravenously with 
preserved or filtered blood or serum. It falls within the group 
of filterable viruses. 

Immunity .—A single subcutaneous injection of virulent blood 
will produce a lasting immunity against subsequent attacks of 
the disease but will not protect against African horse sickness. 
In some cases, however, there has been evidence that the immun¬ 
ity so produced is transient, since the animals again reacted to 
the virus when injected a second time with the virus at a later 
date. 

This disease has been confused with three-day fever, or stiff 
sickness, and the relationship is not exactly known. In three- 
day fever a temporary immunity only is produced by virtue of 
having the disease, and is said to last only about six weeks. 
Three-day fever in cattle resembles three-day fever, pappataci 
fever, in man, and is also quite similar to dengue fever in man. 
The possibility of mosquito transmission has been considered, 
but there is no evidence that the disease is transmitted by this 
vector. While Theiler described ephemeral fever as occurring 
in horses, the three-day fever, or stiff sickness, also is found in 
cattle. For the present it is best to consider these diseases 
together, although future investigations may bring out new facts 
by which they may be differentiated. 

Reference 1. Thbilee, V. J. (1910) 587. 

EQUINE INFLUENZA: INFLUENZA CATARRHALIS 

Influenza erysipelatcsa, Leuma, Pink eye. Typhoid fever; Pferdes- 
staupe (German) ; Grippe, Fievre typhoide, Pasteurellose du 
cheval (French) 

Definition .—Equine influenza is an acute, febrile, contagious 
disease of horses which is characterized by catarrhal inflamma¬ 
tion of the mucous membranes, inflammatory swellings of the 
subcutis, and inflammation of the tendons. At times this dis¬ 
ease is spoken of as “shipping fever,” but contagious pneu¬ 
monia and strangles are also included by this term. 
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History .—Equine influenza has been studied since early in 
the last century. Until quite recently its nature was not clearly 
understood. It was known to be frequently complicated by 
pleuropneumonia, and the disease was not recognized as an entity. 
As a result the history of the disease is obscure in as much as 
early reports on the disease are very confusing, and the par¬ 
ticular disease described is not characteristic of uncomplicated 
influenza in horses as it is known to-day. 

Distribution. —The disease may be said to be general in its 
distribution, since it has been reported far and wide in various 
parts of the world. It may occur sporadically or in epidemic 
form and in the latter case spreads rapidly through its suscep¬ 
tible host over wide areas. 

Incubation period .—The average incubation period in equine 
influenza is from four to six days. In experimental infections 
it varies from forty hours to ten days and may even extend to 
two weeks. When the disease follows coitus it develops within 
six to nine days. 

Symptoms .—The disease begins with a rise in temperature 
associated with rapid pulse and respiration. The animal be¬ 
comes depressed, is easily fatigued, and loses its appetite; it 
moves with a sluggish gait and frequently staggers. It prefers 
to stand still with the eyes half closed and the ears drooping. 
The temperature mounts to 41° C. or higher. The conjunctiva 
becomes reddened, and the eyelids swell. There is photopho¬ 
bia and increased lacrimation, and iritis may develop. 

As the catarrhal condition of the respiratory passages devel¬ 
ops there is a dry, painful cough. Nasal catarrh may become 
marked and the salivary glands enlarged. The tongue is dry 
and coated. A gastric catarrh frequently develops, and the early 
constipation is usually followed by diarrhoea. The urine is 
scanty and dark yellow, often containing albumin and bile pig¬ 
ments. In females the catarrhal condition may also involve the 
vagina from which there is a mucopurulent discharge. In 
some epidemics oedema of the subcutis is a prominent symptom 
and in such cases there is usually an inflammation of the ten¬ 
dons. In severe forms of the disease the nervous system may 
become involved. Such cases are characterized by deafness, pa¬ 
ralysis and chorealike movements, and after death, haemorrhages 
are found in the meninges of the spinal cord. 

The disease may be complicated by pneumonia, and then it 
usually terminates in death. In such a case the heart and kid¬ 
neys are markedly impaired. Uncomplicated equine influenza 
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usually runs its course within a week and the majority of the 
affected animals recover. 

Animals susceptible to the virus of equine influenza -.—The dis¬ 
ease is limited to solipeds. It is not influenced by the age or 
sex of the animal. 

The virus of equine influenza .—In 1882 Dieckerhoff (1) trans¬ 
mitted the disease to healthy animals by subcutaneous and intra¬ 
venous injection of fresh blood from infected animals. About 
the same time Poels succeeded in infecting healthy animals with 
fresh and filtered semen from a stallion that had infected mares 
during the act of coitus. He also showed that filtered blood 
from infected horses was capable of inducing the disease in 
healthy animals. In 1911 Basset(2) infected healthy animals 
with filtered blood and with blood serum that had been kept 
in the ice box for four months. Gaffky(3) during the next year 
established the incubation period for the disease in artificially 
infected animals. Following subcutaneous injection of 5 cubic 
centimeters of infected defibrinated blood the disease developed 
within five to six days. Intravenous injection induced the dis¬ 
ease within four days. Inoculation with filtered blood serum 
also gave positive results. Basset found the blood of a horse 
that had recovered from the disease virulent after three months. 

In the natural infection the direct transmission of the disease 
from horse to horse seems to be the most frequent method of 
spread of the disease. Stable-fly transmission and inhalation in¬ 
fection have been advanced as possible methods of spread, but 
there is little evidence to substantiate these theories. Since the 
virus is present in the blood stream of infected animals and in 
secretions such as semen, it seems more likely that the dis¬ 
ease may spread by contamination of drinking water and food as 
well as by direct contact. It appears quite likely that healthy 
animals may act as carriers for the virus, especially animals 
that have recovered from the disease. 

Immunity in equine influenza .—One attack of the disease con¬ 
fers a long-lasting immunity. Basset was unable to reinfect 
recovered animals wdth virulent blood. Rarely, however, second 
attacks do occur. This is Interesting to note, since in former 
times this disease was associated with pleuropneumonia and 
both were thought to be one and the same disease. An animal 
recovered from influenza, while immune to second attacks of 
this disease, is still susceptible to pleuropneumonia and vice 
versa. The two diseases are not related except as one may 
complicate the other. 
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No vaccine or antiserum prepared for the prevention of this 
disease has offered much encouragement. While numerous pro¬ 
ducts have been placed on the market and used extensively, none 
of them has in any Way proved of value for the prevention and 
control of equine influenza. 

Pathology. —The anatomical changes as a result of equine in¬ 
fluenza consist chiefly in reddening, swelling, and sometimes infil¬ 
tration of the mucous membranes, parenchymatous degeneration 
and swelling of the kidneys, liver, and heart muscle, and mod¬ 
erate swelling of the spleen and lymph glands. The intestinal 
mucosa shows a catarrh, and there may be ulcers and erosions. 
The lungs show an acute oedema, hyperaemia, and in complicated 
cases a marked pneumonia. The tendons may be inflamed and 
the surrounding tissue markedly infiltrated with a clear serous 
fluid. 

Control measures in equine influenza. —Isolation may be prac¬ 
ticed as a preventive measure, but usually it seems more prac¬ 
tical to infect artificially the entire stable and let the disease 
run its course. This method has the danger of transmitting 
infectious anaemia from animal to animal with the blood. 
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INFECTIOUS ANAEMIA OF HORSES 

Swamp fever of horses; Malarial fever of horses; River-bottom 

disease 

Definition .—Infectious anaemia of horses is an acute infectious 
disease of horses caused by a filterable virus. It is characterized 
by a septicaemia, a gradual destruction of red blood cells, weak¬ 
ness, and fever. 

History. —Infectious anaemia of horses has been recognized 
as a disease entity since the middle of the last century. The 
infectious nature of this disease was indicated by Zschokke(l) 
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in 1883, although the eases described by this author were spoken 
of as pernicious anaemia at that time. Later a similar disease, 
now thought to have been the same disease, was described in 
1886 by Frohner(2) and in 1890 in Germany by Ostertag. (3) 
However, it was not until 1906 that Carre and ValleeG) demon¬ 
strated the true nature of the disease by experimental work 
which was later amply confirmed by various investigators. 
(Hempel,(5) Ostertag, Van Es, Harris and Schalk,(6) Frohner, 
and Abderhalden and his associates. (7)) 

Distribution. —Infectious anaemia of horses has been described 
in France, Germany, Hungary, Sweden, Switzerland, Austria, 
Russia, Japan, North America, South Africa, Australia, and 
the Indies. Its distribution may be said to be quite general in 
all parts of the world. 

The virus of infectious anaemia of horses. —According to the 
investigations of Carre and Vallee the infectious agent of this 
disease is filterable through the pores of both Chamberland and 
Berkefeld filters. Up to the present time all cultural methods 
which have been tried have failed. The virus is present in the 
blood stream of infected animals, in serum, and in washed red 
blood cells, in organs such as the spleen, liver, kidneys, spinal 
cord, lymph glands, lungs, salivary glands, and in such tissues 
as muscle and bone marrow. The virus is also found in the milk, 
intestinal contents, urine, and tears. According to Ostertag the 
saliva is not infectious. Japanese scientists have described a 
spirochete, Spirochseta equi-infectiosa, as the etiological agent- 
in this disease, but other investigators have been unable to con¬ 
firm this work. Intracellular bodies have been described as oc¬ 
curring in liver cells and within mononuclear cells which resem¬ 
ble parasites, but their nature has not been determined. 

The virus is very sensitive to heat, being destroyed in from 
forty to fifty minutes at 60° C. Low temperatures have little 
effect upon it. It is destroyed by sunlight. The virus remains 
viable for about three months in blood and urine. By subcuta¬ 
neous injections of 0.01 cubic centimeter of virulent blood into 
susceptible animals the disease is produced, though large amounts 
of virus by mouth are necessary to produce symptoms. 

Incubation period in infectious anaemia of horses. —In artifi¬ 
cial infection the incubation period ranges from five to thirty 
days. In some cases the period of incubation is only one or two 
days, while in exceptional cases it may last for weeks. The usual 
average given is seventeen days. In the natural infection the 
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incubation period ranges from eighteen to twenty-five days. 
The longest period of incubation noted for this disease was fifty- 
seven days. 

Symptoms.—. At the beginning of the disease there is marked 
weakness and depression of the animal. The weakness is es¬ 
pecially noted in the hind legs. The animal may stagger, trip 
and fall down, and rise with great difficulty. There is a gra¬ 
dual rise in temperature which may go as high as 42° C. Usual¬ 
ly it is somewhat lower than this, and the fever may be of an 
intermittent character. Pulse and respiration are also increased 
following the temperature curve. The mucous membranes of 
the eyes, nose, mouth, and vagina appear pale and yellow, and 
may present minute haemorrhagic areas. In some cases a diar¬ 
rhoea develops that may be tinged with blood. Urination is fre¬ 
quent, and the urine is found to contain albumin. The spleen 
is enlarged and may be palpated rectally. The appetite is usual¬ 
ly diminished, in some cases it may be completely lost, and there 
results a rapid emaciation of the animal. In the course of two 
weeks the blood contains a markedly diminished number of red 
blood cells. This may reach less than one-half the normal num¬ 
ber of red corpuscles. In proportion to the duration of the dis¬ 
ease lymphocytosis develops which may reach 40 to 70 per cent. 
Howell-Jolly bodies are found in the red blood cells. While 
poikilocytosis is not seen, anisocystosis is frequently observed and 
occasional basophilic granulation may also be present. In most 
cases the color index is not increased to any great extent. The 
blood picture in general contains nothing typical of the disease 
that will serve to differentiate it from other forms of anaemia. 
As the disease progresses the weakness becomes more apparent, 
and paralysis of the hind legs gradually comes on. Pregnant 
animals usually abort. The acute form of the disease lasts from 
five to fifteen days in younger animals and in older animals may 
last for three or four weeks. 

Subacute, chronic, and latent forms of the disease have been 
described, but all are subject to acute relapse and the animal 
may die suddenly as a result. The acute eases usually die, while 
the other forms of the disease may be prolonged for long periods 
with intervals of apparent returning good health, but in most 
cases this is followed by relapse. While complete cures are 
very rare, the mortality is usually given as raging from 30 to 
70 per cent. 
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Immunity. —Little, if any, natural immunity exists for this 
disease among the Equidse. Horses, mules, and donkeys are all 
susceptible to the virus of infectious anaemia. There is some 
evidence that some breeds apparently possess more resistance 
than others, but beyond this there is no indication of natural 
immunity. There is no reason to suppose that one attack of the 
disease will protect animals against future attacks. Any im¬ 
munity gained in this manner is of a short duration as indicated 
by the relapses so frequently occurring in chronic forms of the 
disease that endure for months. No suitable method of pro¬ 
ducing artificial immunity has been placed on a satisfactory ba¬ 
sis. Virus suspended in serums from nonsusceptible animals 
is apparently markedly weakened so that no immunity is pro¬ 
duced when such preparations are injected into a susceptible ani¬ 
mal; or an animal becomes infected following such injections 
and remains a potential agent for the spread of the disease to 
other animals. 

Control of infectious ansemia of horses. —Isolation of the in¬ 
fected animal, slaughter, and proper disposal of the carcass is 
indicated. Quarantine of healthy animals introduced into new 
areas is advisable. While there seems to be sufficient evidence 
that the disease is spread directly from one animal to another, 
the control of flies and other blood-sucking insects as possible 
vectors has been emphasized as a contributing control measure. 
Due to the markedly infectious nature of this disease great care 
should be exercised in eliminating animals infected with this 
virus for use as serum producers for other diseases. 
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Plate 15 

Fig. 1. Foot-and-mouth disease. Salivation. (After Mohler; from Hutyra 
and Marek.) 

2. Foot-and-mouth disease. Vesicles with erosions covered by scabs 
on the teats of the udder. (From Hutyra and Marek; after 
Moulage.) 

Plate 16 

Fig. 1 . Foot-and-mouth disease. Separation of the coronary band from 
the horny part. Vesicle on the posterior end of the interdigital 
space. (After Hutyra and Marek.) 

2. Foot-and-mouth disease. Vesicles and ulcerations on the gums, 
the latter also on the nostrils. (After Hutyra and Marek.) 

Plate 17 

Foot-and-mouth disease. Subepithelial vesicles on the point, the body, and 
the thick portion of the tongue. (After Hutyra and Marek.) 

Plate 18 

FIG. 1. Hog cholera. Pig affected for two weeks. (After Hutyra and 
Marek.) 

2. Hog cholera. Follicular ulcers with elevated borders of con¬ 

centric necrotic layers. Concentric layers, protruding necrosis, 
and small haemorrhages. (From Hutyra and Marek.) 

3, Hog cholera. Intestine of hog with follicular ulceration. (After 

Hutyra and Marek.) 

Plate 19 

Fig. 1 . Rinderpest. Diffused necrosis with softening and localized des¬ 
quamation of the epithelium on the gums; erosions (English 
report). (From Hutyra and Marek.) 

2. Rinderpest Reddening and partial desquamation of the epithe¬ 
lium on the gums of the incisors; hack of the teeth a roundish 
and below an elongated deposit of fibrin. Some corn-shaped 
papillae denuded of epithelium and therefore reddened on the 
point or on the sides; above to the left the epithelium of a 
papilla showing a belt-shaped necrosis. 

Plate 20 

Rinderpest. Hypersemia and swelling of the mucous membrane of the 
abomasum with small ulcers and scabs. (After Hutyra and 
Marek.) 

Plate 21 

Rinderpest Gall bladder. Acute inflammation of the mucous membrane 
with swelling and subsequent necrosis of the follicles. (After 
Hutyra and Marek.) 

Plate 22 

Infectious stomatitis. Nodules, pustules, and ulceration. (After Hutyra 
and Marek.) 
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PLATE 16. FOOT-AND-MOUTH DISEASE. 























Chapter VIII 

FILTERABLE VIRUS DISEASES OF ANIMALS 
(Continued) 

MYXOMATOSIS OF RABBITS 

Description .—This affection of rabbits was first described by 
G. Sanarelli(i) at the hygiene institute in Montevideo in 1898. 
It was again described, by Splendore(S) at Sao Paolo, in 1908. 
The affection is characterized by a purulent blepharoconjunc¬ 
tivitis which is rapidly followed by swelling of the head, also in 
the region of the rectum, the opening of the urethra, and the 
genital organs. 

In 1905 Burgi(S) described an affection of rabbits which was 
similar to myxomatosis, but which he thought to be due to an 
infection with a strain of staphylococcus manifested by multiple 
suppurations. Burgi believed that this infection and its spread 
to enzootic proportions could be traced to the transmission of an 
infection by fleas. 

In 1910 Hermans(4) studied this condition and described 
it as a form of pseudotuberculosis in rabbits and identified 
it with syphilis in rabbits. (Hutyra and Marek.) 

At autopsy animals dead of this disease show multiple gela¬ 
tinous tumors in the subcutis. Hypertrophy of the lymph 
glands, orchitis, and enlargement of the spleen are also found. 

The disease is transmitted artificially with ease, and in the 
absence of demonstrable microorganisms it is thought to be due 
to a filterable virus. 
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NOVY'S FILTERABLE RAT VIRUS 

In 1911 Novy(l) described a filterable virus which he dis¬ 
covered quite by accident while studying several strains of relap- 
sing-fever spirochetes. It was his custom to maintain his 
strains of relapsing-fever spirochetes by the inoculation of blood 
from rat to rat. 
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All at once the rats began to die, usually within forty-eight 
hours. Upon investigation Novy could find no demonstrable 
bacteria present by either microscopic or cultural method. 
Filtration experiments disclosed the fact that a filter passer was 
the cause of the infection. The infectious agent not only passed 
through the ordinary Berkefeld filters but also easily passed 
through the finest filters, such as the Pasteur B and the Boulton. 
Furthermore, this agent was found capable of passing through 
collodion sacks and agar filters if not too thick. The virus con¬ 
tained in undiluted serum of the rat was capable of passing 
the finest filters. The virus was viable in 50 per cent glycerin 
for four to six months and ordinarily killed rats in from thirty- 
six to forty-eight hours. In high dilutions it required seventy- 
two to ninety-six hours to produce symptoms and death in the 
rat. 

Novy (2) found that his rat virus was not centrifugable. When 
submitted to centrifugation at 8,000 revolutions per minute for 
twelve hours the virus was not thrown down. This was true 
even when the serum was diluted with a thousand times its 
volume of distilled water. 

The blood of infected rats was found by Novy to be infective 
in extremely small doses. The virus was always fatal to rats 
even when quantities of blood were inoculated which represented 
only a fraction of a corpuscle. He states that “usually one bil¬ 
lionth of a cubic centimeter will infect and we have obtained 
infections with one ten-billionth and even one-hundred billionth 
of a cubic centimeter. We can well imagine that in these high 
dilutions only a few organisms, possibly but one, are present.” 

It is doubtful if any of the filterable agents known to-day are 
as small as the one described by Novy. Unfortunately, after 
this virus had been propagated for several years the strain was 
accidentally lost. This is particularly unfortunate in that the 
study of this virus in relation to the respiration work described 
later by Novy would have added very important knowledge to 
the field of the filterable viruses. 
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EPIZOOTIC DISEASE OF GUINEA PIGS 

We are indebted to Petrie and O’Brien(l) and to Sangiorgi(2) 
for what is known concerning this interesting disease of guinea 
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pig's. Naturally occurring diseases in laboratory animals such 
as the guinea pig are of particular interest to the experimental 
biologist for obvious reasons. Particularly is this true where 
large institutions breed their own animals for experimental pur¬ 
poses. When disease enters the stock, experimental work is 
often delayed and results of experimental work are often diffi¬ 
cult to interpret when epizootics are present. 

Petrie and O’Brien in 1910 investigated an epizootic of guinea 
pigs that occurred in a stock of some five hundred guinea pigs 
at the Lister Institute, Chelsea. This disease killed 90 per cent 
of the stock guinea pigs. In searching for the causative agent 
of this disease these authors isolated a bacillus which closely 
resembles Bacillus suipestifer and B. aertryck. This organism 
was found to be present in the contents of the small intestine 
and was readily isolated from the feces of sick animals at least 
three or four days before the death of the animals. The bacillus 
was also found in the liver and spieen but less frequently in 
the heart blood. Even when found in the blood there were com¬ 
paratively few colonies and a marked septicaemia did not appear 
to exist. They were able to recover this bacillus in one instance 
from the bile but never from the urine. 

The bacillus isolated from epizootic disease of guinea pigs was 
found to be extremely pathogenic when injected subcutaneously 
into healthy guinea pigs. For guinea pigs weighing 250 grams, 
doses of 0.001 cubic centimeter of a broth culture invariably 
caused death within five days. Some animals succumbed follow¬ 
ing the injection of 0.000001 cubic centimeter but not always. 

Rabbits and white rats were also found to be susceptible, the 
dose of infective material depending upon the route of injection. 
Inoculation per os did not always produce infection; in fact, 
it was difficult to infect animals by this avenue. 

The local reaction following the subcutaneous injection of broth 
cultures of this bacillus consisted of an intense haemorrhagic 
(Edema and in older cases necrosis and abscess. In the natural 
disease there appear minute yellowish white nodules in the 
spleen and liver, but in animals dying from inoculation with the 
bacillus it was rare to find even minute spots in these organs. 
In the natural disease the intestines are congested as well as the 
adrenals and lungs. 

Petrie and O’Brien have presented experimental evidence that 
the actual cause of this disease is a filter passer. While their 
results with filtrate experiments were not uniform, they found 
that sterile filtrates from organs of guinea pigs of the infected 
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stock frequently killed. These authors offer the hypothesis that 
the disease is caused by a filterable virus, and that the bacillus 
isolated by them holds the same relation to this disease as B. 
nuipestifer holds to hog cholera; namely, an associated bacterium 
and secondary invader. 

The evidence presented for this concept may be briefly stated 
as follows: Due to the severity of this epizootic it seems im¬ 
probable that the bacillus is the actual cause of the disease when 
it was found so difficult to infect guinea pigs per os. The bac¬ 
terium was almost constantly present in the fseces and there 
was ample chance for its spread by way of the intestinal tract, 
and yet experimentally this organism possessed low pathogeni¬ 
city when given to animals with food. Furthermore, contact 
experiments failed, even though one animal badly infected with 
the bacterium was in the closest contact with normal animals. 
Lice from infected animals failed to transmit the disease to 
healthy animals. Finally Petrie and O’Brien observed that this 
bacillus is found in guinea pigs apart from an epizootic and 
in apparently healthy animals. They conclude that the evidence 
suggests that the essential infecting agent in the epizootic was 
a filter passer. 

Mrowka(3) in his studies on fowl pest and guinea-pig pest 
virus demonstrated that the infecting agents were not damaged 
when precipitated from blood by tannin. This author found 
that these viruses were not part of the albumin fraction of the 
blood but were closely associated with the globulin fractions. 
According to his experiments it was impossible by repeated 
washings to dissociate the virus from the globulin fraction of 
the serum. Sangiorgi holds that these experiments do not prove 
definitely that the virus is associated with the globulins for 
the virus itself may be precipitated by such a reagent. 

For the time being epizootic of guinea pigs may be regarded 
as a filterable virus disease of unknown etiology. 
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SALIVARY-GLAND DISEASE OP GUINEA PIGS 

Definition .—According to Cole and Kuttner(i) the occurrence 
of intranuclear inclusions in the salivary glands of guinea pigs 
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is due to an infection with a filterable virus. Experimentally, 
when an emulsion of the infected submaxillary glands of full- 
grown guinea pigs is injected into the brain of young guinea 
pigs, there result fever and symptoms of cerebral irritation. 
At autopsy such animals show a subacute meningitis and nu¬ 
merous cellular inclusions in the exudate. 

History .—In 1920 Leila Jackson (2) first described the presence 
in the salivary glands of guinea pigs of an intracellular proto¬ 
zoan parasite. Jackson examined the salivary glands of forty- 
eight guinea pigs, eighteen of which were tuberculous. Of this 
number twenty-six animals were infected and the infection oc¬ 
curred in about the same proportion in the tuberculous guinea 
pigs and in the presumably normal animals. According to this 
author the protozoan most often appears in the cells of the duets 
of the salivary gland as an encysted, round or oval structure. 
These structures were found particularly in the serous portions 
of the glands, but in severely infected animals they were also 
found in the mucous portions. Jackson believed that she w 7 as 
dealing vrith the vegetative cycle of an intracellular protozoan, 
perhaps coccidium, the sexual cycle of which occurs in some 
other location. The small round bodies that she described in 
the peripheral zone of the parasite were thought to represent 
merozoites. 

In 1926 Cole and Kuttner studied the salivary glands of se¬ 
venty-five guinea pigs over six months of age. They found that 
63, or 84 per cent, were positive for these structures when 
stained by eosin and methylene blue. They identified these cells 
as swollen epithelial cells, the nuclei of which contain a. mass of 
granular material that is definitely acidophilic. By transmission 
experiments they were able to conclude that they were dealing 
with a virus disease. 

The virus of salivary-glmd disease of guinea pigs .—Cole and 
Kuttner state that the infective agent in this disease is destroyed 
by heating at 54° C. for one hour, and that preservation in 50 
per cent glycerol for eleven days does not destroy its activity. 
According to these authors the virus becomes inactive after twen¬ 
ty-eight days in 50 per cent glycerol. They further demonstrated 
that the infective agent is filterable through Berkefeld N filters 
which are impermeable to bacteria. 

Incubation period .—When emulsions of infected salivary 
glands taken from full-grown guinea pigs were injected into the 
brains of young noninfeeted guinea pigs there was a definite 
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rise in temperature within forty-eight hours to 105 or 106° F. 
On the third day the inoculated animals were definitely sick. 
According to the work of Cole and Kuttner then, the incubation 
period in experimental infections with this virus may be regarded 
as very short. 

Symptoms .—In normal animals harboring this virus in the 
salivary glands there are apparently no constitutional symptoms. 
The disease manifests itself only by the peculiar histologic find¬ 
ings at the site of the infection. In the young guinea pigs 
inoculated intracerebrally by Cole and Kuttner with infected 
salivary-gland material, definite symptoms were obtained. Fol¬ 
lowing the rise in temperature which results forty-eight hours 
after injection, the animals appear sick, the hair is raised, and 
the animals do not move in their cages. On the fourth day the 
animals develop slight tremors and convulsions. By the fifth 
day inoculated animals are very ill, unable to rise, and soon 
succumb to the infection. Young guinea pigs that received in- 
tratestieular inoculations of virus developed an elevation in tem¬ 
perature but were normal otherwise. Injections of infective 
material into the tongues of young animals were followed by no 
symptoms. An inoculation made into the lung of one guinea 
pig resulted in a rise in temperature on the seventh day, at 
which time the animal was sacrificed for histologic study. 

Animals susceptible to the virus of guinea-pig salivary-gland 
disease .—-At present only guinea pigs are known to be suscep¬ 
tible to this virus. Cole and Kuttner found that rabbits, rats, 
and kittens remained well after inoculation with infective ma¬ 
terial and no histologic lesions could be demonstrated in these 
animals. 

Immunity .—At present no data are available on this phase 
of the disease. Cole and Kuttner found that only three out of 
forty-three young guinea pigs, mostly under one month of age, 
were infected. Later in life nearly all guinea pigs become in¬ 
fected. 

Pathology .—It has been mentioned that what Jackson took 
to represent protozoan parasites, Cole and Kuttner believe to be 
swollen epithelial cells with nuclei having the same characters 
as the nuclei of the atypical cells in the lesion of herpes simplex. 
The altered cells may be from twice their normal size up to 40 
microns in diameter. They are found in both the serous and 
mucous portions of the gland, but predominately in the serous 
portion. They lie on the basal membrane or within the lumen 
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of the duct. In some cases large numbers of ducts are involved 
while in others only one or two ducts may be affected. There 
is a cellular reaction about the ducts containing these cells which 
consists of mononuclear cells, lymphocytes, and large cells with 
vesicular nuclei (Cole and Kuttner). The cytoplasm of the cell 
stains light blue, the nuclear membrane stains deeply with 
basic dye, and near the center of the nucleus is a mass that 
stains red. This mass may occupy one-fourth of the nuclear 
space or fill it entirely except for a narrow halo between it and 
the membrane. This clear area may contain irregular masses 
which stain deeply with the basic dye. Also, radiating bands 
which stain with basic dye may be found extending from the 
inner surface of the membrane to the central mass. In the 
main these structures resemble closely the structures found in 
herpes simplex. Such structures could not be demonstrated 
by Cole and Kuttner in the salivary glands taken from rabbits, 
rats, mice, dogs, or cats. Further study will be necessary in 
order to determine the exact nature of these bodies. From the 
evidence presented by Cole and Kuttner it appears that in this 
disease of guinea pigs we have still another condition in which 
intranuclear inclusions are associated with an infection with a 
filterable virus. In the transmission experiments of these au¬ 
thors typical structures were demonstrated in the exudate of 
guinea pigs infected intraeerebrally, in 75 per cent of the ani¬ 
mals receiving intratesticular inoculations, in the tongues of 
animals inoculated at this site, and in the lungs of one out of 
three animals receiving direct injections into this tissue. Efforts 
to transmit the infection indefinitely in series failed, although 
it was possible to reproduce the lesions through two animals 
in series and in one experiment through three animals in series. 
No explanation has been offered for this failure. 
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GUINEA-PIG PARALYSIS 

Like epizootic disease of guinea pigs this disease of guinea 
pigs is of particular interest to the experimental biologist. Gui¬ 
nea-pig paralysis is a good example of a naturally occurring dis¬ 
ease in laboratory animals, the symptoms of which were first 
thought by Romer to be part of the picture of an experimental 
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disease he was studying. As we pointed out in the description 
of epizootic disease of guinea pigs, it is essential for the biologist 
to become informed regarding the naturally occurring diseases 
in experimental animals in order that he can evaluate and in¬ 
terpret experimental results. This disease and its discovery 
is a case in point. 

In 1910 Romer(i) first called attention to a paralytic con¬ 
dition in guinea pigs which he believed at that time was related 
to the experimental diseases he was studying in this animal. 
He pointed out that the disease was not extraordinarily rare in 
g uin ea pigs. In 1911 Romer (2,3) studied this disease further 
and concluded that the affection is a disease sui generis. In 
the artificially induced infection the disease is characterized 
by an initial rise in temperature followed by a slight loss in 
weight. The incubation period ranges from nine to twenty-three 
days and there are no further symptoms following the intracere¬ 
bral inoculation for some time. The initial rise in temperature 
and loss in weight are regarded by Romer as incidental to the 
surgical shock following intracerebral inoculation. After an in¬ 
cubation period of nine to twenty-three days the disease begins 
with an elevation in temperature followed in one or two days by 
a loss in weight and nerve manifestations. The latter consist of 
daily increasing hypotony of the muscles, particularly of the hind 
legs. The comparison of the muscles of the sick animals with 
those of healthy animals is very striking. In some cases the 
first symptoms are related to the bladder, and incontinence of 
urine is observed. According to Romer complete paralysis of 
the bladder may ensue. Guinea pigs with this disease when 
dropped or let loose on a table fall upon their sides, while normal 
animals always fall upon all four feet. The paralysis of the hind 
legs gradually increases until complete paralysis exists. When 
the bladder symptoms are absent Romer states that the disease 
simulates closely the Heine-Medin, poliomyelitis, sickness of man. 

The duration of the disease varies considerably. Death may 
result within two or three days after the onset of symptoms. 
Usually the disease persists for eight or ten days, and in one 
case the animal did not die for four weeks after the .onset of 
symptoms. The mortality is 100 per cent. 

The virus of guinea-pig paralysis. —Guinea-pig paralysis is 
caused by a filterable virus. All attempts to demonstrate bac¬ 
teria or protozoans in stained smears from nerve tissue have 
failed. Culture methods have all been unsuccessful with this 
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virus. The virus is filterable through Berkefeld filters, the fil¬ 
trate being capable of inducing the infection in healthy guinea 
pigs. There is no evidence that any other animal is susceptible 
to the virus of guinea-pig paralysis. Romer was able to trans¬ 
mit the disease in series from guinea pig to guinea pig by brain 
and spinal-cord emulsions when inoculated intraeerebrally. The 
animals inoculated with 5 per cent emulsion of the material 
exhibited the same incubation period as those inoculated with 
one hundred times diluted material. A 1 :10,000 dilution of 
the infective material failed to induce the disease. 

Animals inoculated with Berkefeld-filtered material came 
down with the disease within the same incubation period as those 
inoculated with unfiltered material. The virus was recovered 
from these animals. The filters employed by Romer were tested 
with B. prodigiosiis. The virus was found to he resistant to 
glycerin. Material kept for ten days in 50 per cent glycerol 
was found to be potent. Within fifty-six days the virus is de¬ 
stroyed by 50 per cent glycerin. 

The virus "of guinea-pig paralysis is present uniformly in the 
tissue of the central nervous system and in some cases was 
found by Romer in the spleen, liver, and lymph glands. The 
virus was never present in the kidneys, lungs, bile, or urine. 
While the disease always follows intracerebral inoculation, re¬ 
sults were for the most part unsatisfactory -when infective ma¬ 
terial was inoculated subcutaneously, intravenously, intraperi- 
toneally, or intraneurally. 

The anatomical changes in the central nervous system are 
characterized by a meningo-myelo-eneephalitis. The infiltrating 
cells are predominately of the lymphocytic type. In this respect 
there is a close analogy between this disease in guinea pigs and 
encephalitis and poliomyelitis in man. 

Herpes infection of the central nervous system in laboratory 
animals occurring as a natural infection has not been reported. 
It is well known, however, that an encephalitic process can be 
induced in guinea pigs, rats, and rabbits with various strains 
of herpes virus. Also it is now recognized that spontaneous 
encephalitis in rabbits is fairly common, although herpes is in 
no way connected with this affection. Encephalitis also occurs 
in horses and sheep. Guinea-pig paralysis in Romer’s expe¬ 
rience occurs only as sporadic cases and never in epidemic form. 
One wonders if there is a possibility of this filterable virus 
being related to the herpes group. The fact that other labor- 
242402-16 
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atory animals were not susceptible to Romer’s virus is against 
this view. However, when opportunity presents itself cross¬ 
immunity experiments with the guinea-pig paralysis virus and 
the herpes viruses should be performed. 

The evidence all supports the view that guinea-pig paralysis is 
caused by a filterable virus, and in view of its high infectivity 
for guinea pigs this virus should receive further attention. It 
appears to be ideal material for the study of some of the more 
fundamental problems dealing with the study of the filterable 
group of infectious agents. 
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NOGUCHI'S FILTERABLE VIRUS FROM DERMACENTOR ANDERSONI 

Description .—In 1926 Noguchi (l) described a filter-passing 
virus which he isolated from one lot of ticks collected in Saw 
Tooth Canyon, Montana. This virus proved to be infectious 
for guinea pigs and one monkey (Macacus rhesus) though one 
rabbit inoculated remained negative. 

In Noguchi’s experiments ticks were allowed to feed upon 
normal guinea pigs. Ticks 1, 3, and 4 were found gorged 
■with blood, tick 2 died. The ticks were eviscerated, the 
viscera were individually suspended in salt solution, and 1 cubic 
centimeter of each suspension was injected into a normal guinea 
pig. The suspensions of ticks 1 and 2 induced spotted fever, 
that of tick 4 produced no reaction. The suspension of tick 3 
induced a fever similar to spotted fever, but this did not 
confer immunity to the spotted-fever virus. It was from tick 
3 that the filter-passing virus was obtained. 

Noguchi found that he could cultivate this filterable virus upon 
semisolid media for at least seven generations. The virus is 
aerobic, grows at 26 and at 37° C., and does not grow in ordinary 
broth or on slant agar. It produces a slight turbidity when 
grown in serum media containing carbohydrates. The blood 
and spleen of infected animals contain the virus. The virus is 
filterable through Berkefeld N filters. 

According to Noguchi the virus has been transmitted from 
infected guinea pigs to ticks and in one instance by a tick feeding 
from an infected tick to a guinea pig. Infection of guinea pigs 
with this virus affords no protection against the virus of spotted 
fever or vice versa. 
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The chief symptoms in guinea pigs consist of a continuous high 
fever of 104.5 to 106.5° F., and enlargement of the spieen. 

This virus should be of importance to students of the filterable 
viruses, since it appears to be one of the few that can be cul¬ 
tivated artificially. 

Reference 1 . Xogcchi, Journ. Exp. Ned. 44 (1926) 1-10. 

ILLUSTRATION 

Plate 2.3. Guinea-pig paralysis. (After Rosier.) 



Chapter IX 

OTHER POSSIBLE FILTERABLE VIRUS DISEASES 

OF MAN 

COMMON COLDS: ACUTE C0RY2AS 

Under the heading of common colds we include a group of 
acute infections (exudative and catarrhal) of the nose, throat, 
larynx, trachea, and larger bronchi. In some cases the sinuses 
are involved. Epidemics of “colds” are common, and the infec¬ 
tion appears to spread with great ease. The infection may local¬ 
ize in one membrane such as the nose, rhinitis, or in the pharynx, 
pharyngitis, or two or more membranes may be involved. 'In 
some cases the sinuses, the naso-pharynx, throat, trachea, and 
larger bronchi may all be affected. “Common colds” should be 
regarded as an acute infectious disease and not merely as con¬ 
gestion of the respiratory membranes produced by drafts of cold 
air, changes in temperature, etc. Under normal circumstances 
the ciliated epithelium of the respiratory tract prevents to a 
large degree the entrance of bacteria from without. However, 
this mechanism is not perfect and untold numbers of microbes 
enter the respiratory tract. Also it is now known that the lae- 
rymal and nasal secretions exert a mild germicidal action and 
this is likewise true for the saliva. There is some evidence that 
the secretions from other mucous membranes of the respiratory 
tract possess bacteriocidal properties. The mechanical and 
chemical nature of the mucous membranes of the respiratory tract 
then tends to prevent infection under normal conditions. Why 
then are colds so prevalent? It is estimated that about 10 per 
cent of human beings are at all times affected by “common colds” 
of greater or lesser degree. Undoubtedly there are many pre¬ 
disposing causes to the development of common colds, but the 
chief reason common colds are so prevalent is the fact that they 
are due to acute infections caused by one or more specific in¬ 
fectious agents. 

The “common cold” has attracted more attention in recent 
years than ever before. The medical profession and the public 
at large have begun to realize the importance of this disease, 
especially in its relation to epidemic influenza and pneumonia 
244 
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and its economic importance to the nation in the enormous loss 
of working hours which results from these infections. 

Bacteriologists have long been concerned with the problem of 
the common cold, and many attempts have been made to isolate 
the causative organism. At various times such microbes as 
pneumococci, influenza bacillus, streptococci (both haemolytic and 
viridans), staphylococci, Micrococcus catarrhalis, and diphthe¬ 
roids have been cultured from the respiratory tract of cases of 
common colds. Of the relation of any of these bacterial forms 
to colds little is known. So far there is no direct evidence that 
any of these bacteria should be incriminated as the single etio¬ 
logical factor of these infections. 

Hiiter(l) in 1873 first described a micrococcus as the cause 
of common colds. In 1888 Hajek(2) reported the presence of a 
large diplococcus, Diplococcus coryzse, found in the early stages 
of .acute colds. Paulsen (3) in 1890 examined a number of cases 
of common colds and found various cocci and bacilli in the noses 
and throats of these patients. CautleyG) a few years later dis¬ 
covered the presence of a diphtheroid bacillus in seven of eight 
cases of colds of various types. He believed this organism to be 
the cause of acute colds and designated it B. coryzse segmentosus. 
Benham (5) quotes Gordon as having found Cautley’s bacillus 
in seven cases of colds. With this organism Gordon was able 
to produce illness in guinea pigs from which they recovered 
after a few days. Benham also quotes W T hite as having found 
Cautley’s bacillus in seventeen of twenty-one cases, although 
inoculation experiments on guinea pigs, rabbits, and monkeys 
were negative. 

In 1906 Benham found a diphtheroid organism, whieh he be¬ 
lieved to be identical with Cautley’s organism, in twenty of 
twenty-one cases of colds. He named this organism Bacillus 
septus. Micrococcus catarrhalis was also present in several of 
Benham’s cases. In 1902 Gohn and Pfeiffer(6) found Microceus 
catarrhalis in eighty-one of one hundred forty cases of in¬ 
fections of the respiratory tract. These authors regarded the 
presence of this organism in respiratory infections as a sa¬ 
prophyte which, under favorable conditions, gives rise to acute 
infections. Benzancon and de Jong (7) during an epidemic of 
influenza in Paris in 1905 found various organisms present in the 
respiratory tract. Among these were Micrococcus catarrhalis, 
Micrococcus paratetmgenus, Pneumococcus, Friedlander’s bacil¬ 
lus, staphylococcus, streptococcus, and diphtheroids. During the 
sam e year Dunn and Gordon (8) pointed out the etiological im- 
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portance of M. catarrhalis in an epidemic in Hertfordshire, 
England, while Allen (9) during the following year isolated M. 
catarrhalis from several cases of common colds in the same 
country. Neumann (10) in 1902, as a result of his extensive stu¬ 
dies on the etiology of common colds, concluded that diptheroids 
and pneumococci, and perhaps other organisms, could produce 
colds. This investigator found Micrococcus pyogenes albiis pre¬ 
sent in 86 to 90 per cent, diphtheroids in 98 per cent. He states 
that seventy-eight strains of diphtheroids isolated by him were 
found to be nonpathogenic when inoculated into guinea pigs, al¬ 
though pathogenic strains of this organism were found in infected 
cases. Both Lingelsheim(H) and Barnes(12) have shown that 
streptococci may cause infections of the nose, pharynx, and ton¬ 
sils. The streptococcus has, of course, long been established as 
an etiological agent in epidemic sore throat. Mathers (13) in 
1917 and Floyd (14) in 1920 described streptococci and staphy¬ 
lococci in relation to epidemics of acute respiratory infections 
occurring in Chicago and Boston. 

In 1920 in the Boylston prize essay, Mudd, Grant, and Gold¬ 
man (15) have reviewed the entire literature on the acute re¬ 
spiratory infections and after a careful analysis of the various 
bacteriologie findings state: 

Since the early days of bacteriology, attempt has been made by the 
several proponents and opponents of the infectious theory to refer the 
“common cold” on the one hand to the action of a specific microorganism, 
and on the other hand to various environmental and constitutional causes, 
such as exposure to changes of temperature, the “lithemic diathesis” and 
what not. Although perhaps laudable as philosophic ideals, such efforts 
to explain the many phenomena involved by a single cause are less deserv¬ 
ing scientifically, and have met with just failure. The common cold is, 
as a matter of fact, in most instances the result of a local infection, but 
there are many types of cold and many infectious agents responsible for 
them, and the effect of various constitutional and environmental factors 
in determining infection is often of great importance. Furthermore there 
are many acute inflammations of the upper respiratory tract not primarily 
due to the local action of microorganisms, but rather to local expression 
of chemical or mechanical irritation, of thermal trauma, of nervous reflexes, 
of drug* intoxications, of constitutional disease, or anaphylaxis. 

In 1913 Tunnicliff(i6) investigated eighty-two cases of com¬ 
mon colds in Chicago, and from 92 per cent isolated a bacillus 
to which she gave the name B. rhinitis. Also this investigator 
found the same organism in 90 per cent of twenty cases of 
chronic colds, rhinitis. In normal throats she was able to pro¬ 
duce a slight inflammation with B. rhinitis, and the organism 
was recovered in most cases from the artificially infected throats 
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eighteen to twenty hours after inoculation and in a few cases 
two or three days later. Tunnicliff vaccinated two volunteers 
with this organism, and from variations in the opsonic index 
she believed that there was evidence that this organism is the 
cause of common colds. 

Kruse (17) in 1914 filtered the nasal secretion from a case 
having acute coryza and then placed a few drops of the nitrate 
upon the nasal mucous membranes of twelve volunteers. In four 
of these cases acute colds developed. The period of incubation 
in the positive '‘takes'’ ranged between one and four days. In 
this experiment the infected nasal secretions were diluted fifteen 
times with salt solution. In another experiment Kruse diluted 
the infected nasal secretions from an acute coryza patient with 
twenty times its volume before filtration. In the test experi¬ 
ment with this filtrate thirty-six students were inoculated, and 
42 per cent developed acute symptoms of coryza within one to 
four days. 

The experiments of Kruse were repeated by Foster (18) in 
1915. This investigator confirmed the presence of a filterable 
virus in the nasal secretions of cases of acute colds. Material 
taken from a case of acute coryza, diluted and passed through 
Berkefeld N filters, when inoculated into nasal cavities of ten 
soldiers produced symptoms within eight to thirty hours in 
nine instances. In seven of Foster's cases the symptoms of 
acute coryza were definite and clear cut; two reacted question¬ 
ably, while one case exhibited no symptoms. Foster states: 

The initial symptoms, as a rule, were dryness of the nose and throat 
and attacks of sneezing, dull frontal headache and a sensation of pain 
or fullness over the frontal sinuses. Several of the men complained of 
alternate sensations of chilliness and flushing. There was a copious rhi- 
norrhea, usually on the second day, in a majority of the cases. Six of 
the subjects exhibited slight rise in temperature—99.2-100° F. and in 
these cases the pulse was accelerated. Tinnitus aurinm or slight im¬ 
pairment of hearing was recorded in four instances; sore throat in 5; 
cough 5; and aching pains in the baek or extremities in 4. One of the 
men complained of parotid tenderness and pain on moving the jaw; in 
another case a marked crop of herpes labialis was noted. The duration 
of the symptoms varied S to 6 days—usually 5. 

Foster was unable to obtain growth of any organisms from 
early cultures of his filtrates, but under the dark-field microscope 
he noted myriads of extremely active, minute bodies occurring 
singly, in pairs, and in masses varying in size. In older cul¬ 
tures, fourteen days, of his material Foster found minute coc- 
eoid bodies which varied in size from those barely visible to 
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those larger than staphylococci. The larger bodies often showed 
smaller bodies adhering to them. This microbe stained with 
Giemsa’s but not well with ordinary laboratory stains. The 
predominating type noted by Foster was a small globoid body 
measuring 0.2 to 0.3 micron in diameter. In conclusion Foster 
states: 

It becomes evident at once that this microorganism differs markedly 
from any known organism with the possible exception of the “globoid 
bodies” described by Flexner and Noguchi, (19) and believed by them 
to be the causative factor in poliomyelitis. An extremely pleomorphic 
streptococcus, the minute forms of which bear some resemblance to this 
microorganism has recently been described in connection with poliolyelitis, 
also, by Mathers, (20) Eosenow, Towne and Wheeler, (21) and Nuzum and 
Herzog. (22) 

Later Foster compared his microbe isolated from cases of com¬ 
mon colds with the organism described by Flexner and Noguchi 
for poliomyelitis and also with the streptococcus described by 
Rosenow, Towne, and Wheeler. His examination showed that 
the organism isolated from common colds differs from the po¬ 
liomyelitis virus in that the former is subject to many variations 
in size and the larger forms show evidence of budding, neither 
of which is true for the Flexner-Noguchi virus of poliomyelitis. 
Foster found that his organism showed little tendency to chain 
formation; and the pleomorphic forms, common to the strepto¬ 
coccus, were absent. Foster was also able to demonstrate that 
these cultures were filterable through Berkefeld N filters, and 
that filtrates of the cultivated organism in the second generation 
are infective when tested upon volunteers. 

The question naturally arises as to whether this microbe might 
not exist in symbiosis with the true ultravirus of common colds. 
No instance of such a phenomenon, however, is known, with the 
possible exception of hog cholera. Again the organism de¬ 
scribed by Foster might be a stage in the life cycle of an ul¬ 
travirus and modern investigations upon the filterable forms of 
bacteria (tubercle bacillus, streptococci, etc.; see Chapter XVI) 
lend support to this concept. In this connection Foster recalls 
the work of Hurt, Lakin, and Benians in which these authors 
suggest that epidemic meningitis may be due to an ultravirus 
while the meningococcus found in the spinal fluid of these cases 
represents “a late phase in the life history of an unidentified 
microorganism that is the true infective organism.” These au¬ 
thors demonstrated that it was possible to obtain a pathogenic 
virus from the spinal fluid of acute cases of epidemic meningi- 
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tis after the spinal fluid had been passed through a Chamberland 
F filter. 

In support of this theory Foster points out that the microbe 
isolated by him from cases of common colds shows a consider¬ 
able variation in size, and, further, that from seven to fourteen 
days are needed in order to obtain growth of the virus. The 
virus is cultivated under anaerobic conditions. In conclusion 
Foster says, “Although conclusive proof of its nature has not 
been adduced, the experiments suggest that the microorganism 
described bears a definite relation to the true infective agent of 
common colds.” 

Mudd, Grant, and Goldman in the Boylston prize essay, after 
a careful survey of all the important investigations which have 
been made on the etiology of the common cold, further state: 

A filterable virus seems without question to be the causative agent in 
the coryza of one fairly well defined type.—A common and fairly well 
defined clinical entity, and acute coryza, exists, probably with the filterable 
virus of Kruse and Foster as its causative agent. This affection is readily 
communicable and probably does not depend to any great extent upon 
the action of exciting factors in depressing the resistance of the subject. 
(2) A heterogenous group of pure and mixed infections of the nose, pha¬ 
rynx and tonsils exists with various clinical pictures—some closely ap¬ 
proaching that of Foster, others mere circumscribed inflammations—and 
with any one of a considerable number of bacteria capable, under ap¬ 
propriate circumstances, of acting as causative agents. 

Of the bacterial forms which have been described by various 
investigators it appears that the pneumococcus, the streptococ¬ 
cus, B. diphtherias, B. rhinitis, Pfeiffer’s bacillus, and Fried- 
lander’s bacillus have the best claims to etiological import in 
relation to the acute respiratory infections. 

While it is well recognized then that the common cold is to 
be regarded as an infectious disease, authorities are also agreed 
that there are a number of predisposing factors in the develop¬ 
ment of such an infection. Furthermore, there may be symp¬ 
toms of coryza which are not related to infection but which may 
be caused by one or more of these factors. It has long been 
thought by the layman and by physicians that drafts of cold air 
may cause colds. Chilling of the body surface, particularly one 
portion of the body surface, is now thought to be a predisposing 
cause in the development of colds. In fact the general statement 
may be made that anything which lowers the resistance of the 
host may predispose to infections. Practically all texts are 
agreed on this thesis. It follows then that exposure to cold 
drafts contributes to the development of colds. Mudd, Grant, 
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and Goldman have shown that the chilling of the body surface 
causes reflex vasoconstriction and ischaemia of the mucous mem¬ 
branes of the nasal cavity, nasopharynx, palate, oropharynx, and 
palatine tonsils. These authors believe that ischsemia may be 
the means of lowering the local resistance to infection. Rose- 
nau(23) states: 

Chilling causes vasomotor contraction of the capillaries of the skin, 
which is doubtless designed to conserve body temperature; coincidently 
there is turgidity of the erectile tissue of the mucous membrane of the 
turbinates, which is probably a defensive action. This congestion partly 
closes the nose and causes snuffing and increased secretion, which is or¬ 
dinarily called a cold. A great variety of mechanical, chemical and even 
psychic stimuli will produce congestion of the cavernous tissue over the 
turbinate; in fact, the mucous membrane of the nose may become very 
sensitive, even hypersusceptible. Anaphylactic reactions to pollen and 
proteins are common manifestations of the nasal mucosa. 

Vaughan(24) states in this connection: 

In our opinion, the acute coryzas are most rationally explained on the 
ground that they are due to protein sensitization. They may be caused 
by any protein, living or dead, organized or unorganized, particulate or 
in solution. Omitting from consideration Foster s theoretical globoid bo¬ 
dies, suspected in his subcultures, his experiments and those of Kruse 
are most easily explained on the ground of protein sensitization. These 
experiments are practically duplications of the opthalmic tuberculin test. 
A minute trace of tuberculin dropped into the eye of a patient in the 
early stages of tuberculosis causes an exudative inflammatory action. In 
all probability, Foster's soldiers had been previously sensitized to the 
same protein which existed in his nasal secretions and in those of his 
laboratory assistant. If this be true, it could not be otherwise than that 
an inflammatory reaction would result within a few hours after the ap¬ 
plication of this protein to the nasal mucous membrane of these soldiers. 

When writing the above Vaughan was not informed of the la¬ 
ter work of Foster in cultivating the microorganism with which 
he was able to produce colds in volunteers. Perhaps the main 
thesis of his theory of the origin of colds he would have stated 
notwithstanding. However, in view of Foster’s work, confirm¬ 
ing and extending as it does the experiments of Kruse, and fur¬ 
ther in view of the recent studies of Olitsky and Gates (25) on 
a filterable agent which they believe to be the cause of influenza, 
science is not ready to accept Vaughan’s theory of sensitization 
for common colds. Neither, for that matter, are we willing, 
without more conclusive data, ready to accept the filterable virus 
origin of colds and influenza. However, in the broad interests 
of science we must give these theories and experiments serious 
consideration. ,, , 
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In view of all we have been able to learn by experimental 
work and through observation, we are inclined to agree with 
Mudd, Grant, and Goldman that a clinical entity exists in the 
form of the infectious cold. Similarly it is well known that 
coryza is common in some people who become sensitized to va¬ 
rious proteins. Consequently a classification of colds might be 
suggested as follows: 

1. Common colds due to infectious agents. 

(a) Various pathogenic bacteria. 

( b ) Filterable viruses. 

2. Colds due to local sensitization to various proteins. 

To these groups should be added those predisposing causes 
which, in and of themselves, are not the causes of colds but con¬ 
tribute to the development of colds by creating favorable con¬ 
ditions for infection by microorganisms or sensitization to 
various proteins other than infectious agents. Under this head¬ 
ing we should include: Drafts of cold air which produce a chil¬ 
ling of the body surface; chemical or mechanical irritation; 
thermal trauma; nervous reflexes; drug intoxications; constitu¬ 
tional diseases; and psychic influences. In general any factor 
■which may lower the resistance of the host to infection or sen¬ 
sitization may be regarded as a predisposing cause in the de¬ 
velopment of common colds. 

While the subject of the common cold is now recognized to be 
one of the most important problems from the standpoint of 
health and disease of the race, there still remains much work to 
be done in careful investigative work of its cause or causes. 
We are inclined to feel that the work of Foster and Kruse has 
given us convincing evidence that at least one type of cold may be 
due to a filterable virus and that future investigative work should 
be done along these lines to enable us better to understand the 
nature of these agents and the mechanism by which infection 
takes place. 
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INFLUENZA 

Epidemic influenza; La grippe; Grip 

Definition. —Influenza is an acute, highly communicable, fe¬ 
brile disease, characterized by catarrh of the respiratory tract 
and in some cases of the alimentary tract, by pains in the head 
and musculature, by its tendency to bronchial and pneumonic 
complications, and by its occurrence in epidemic and pandemic 
form. The disease is also notable for its sudden onset and 
extreme prostration. The cause of influenza has not been defi¬ 
nitely determined, but it is thought to be due to a min ute 
filterable virus, Bacterium pneumosintes, described by Olitsky 
and Gates, (l) 

History .—Vaughan(2) says, “What appears to be the first 
recorded instance of an influenza epidemic is referred to in 
Livy in 412 B. C.” While according to this author these early 
reports are not authentic, the disease appears to have been in¬ 
fluenza because of its sudden onset and wide distribution. Vaug¬ 
han quotes Hirsch as looking upon the year 1173 as witnessing 
the first epidemic of which authentic reports are available. In¬ 
fluenza during that year spread over Italy, Germany, and 
England. This author states that the first great pandemic of 
the disease occurred in 1510. At this time influenza spread 
from Malta to Sicily, thence into Spain, Italy, Hungary, Ger- 
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many, France, and England. The symptoms of the disease con¬ 
sisted of fever, cough, hoarseness, headache, anorexia, insomnia, 
pains in the stomach, kidneys, and legs. Symptomatically then 
this pandemic appears to have been due to influenza. From 
this time on history records numerous pandemics of the disease. 
Great pandemics are known to have occured in 1590, 1782,1781, 
1830, 1833, 1836, 1847, 1850-51, 1855, 1857-58, 1874-75 and 
1889. In North America epidemics have occured since 1557. 
Vaughan records the various epidemics as follows: 1557, 1580, 
1647, 1732, 1737, 1760, 1780, 1789, 1805, 1824, 1830, 1836, 1843, 
1850, 1860, 1863, 1873, 1874, 1879, 1889, 1891,1916, 1918. The 
last great pandemic occurred in 1918-19 and again in the winter 
of 1919-20. The disease entered America in September of 1918. 
Thousands of men were mobilized in the army camps and the 
disease swept through these hordes of men like a tidal wave, 
leaving great numbers of dead in its wake. In this epidemic the 
disease had its highest mortality in the age group of twenty to 
thirty-five years (though the disease was by no means confined 
to this group), and for that reason greater mortality resulted 
in the army than in civilian life. During this year the disease 
spread all over the world to pandemic proportions and is con¬ 
sidered the most severe outbreak of influenza in the history of 
all time. According to Vaughan (Warren) the 1918 pandemic 
had its origin in the United States and the virulence of the organ¬ 
ism was enhanced by passage to and from Europe. The com¬ 
mon complication of the disease in this epidemic was pneumo¬ 
nia. The pneumonia rate was somewhat higher among colored 
troops than among white troops as was also the death rate. Out 
of 1,439,000 men under arms in the United States, Vaughan 
states that 338,343 had influenza, or 22.6 per cent. The death 
rate among these troops during this epidemic was 1.56 per 
cent. In the American Expeditionary Forces abroad there were 
1,745,000 men under arms and 77,828 of these had influenza. 
The death rate in this group was only 0.48 per cent. This has 
been explained by the fact that the soldiers in Europe were 
seasoned men, who came from camps where influenza had 
been present and so had acquired some immunity to the 'disease. 
While the mortality in civilian life during this epidemic was 
lower than in the army, it was greater in the cities than in 
rural communities. Undoubtedly the crowding of human be¬ 
ings contributes to the great spread of the disease. Influenza 
occurs in succession and does not attack a people en masse. It is 
spread from person to person through coughing, sneezing, and 
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by droplet infection from the mouth, nose, and throat of infected 
persons. Carriers of the virus of influenza may transmit the 
disease to healthy persons though they are themselves unaffected 
by it. Dust may transmit the disease from infected persons to 
healthy persons, but for the most part the disease is dissemin¬ 
ated from person to person. A comprehensive analysis of the 
last great pandemic of influenza is given by Vaughan and for 
a detailed analysis the reader is referred to his work. 

Distribution .—Influenza may occur in pandemic form and 
exis t practically all over the world wherever man, its natural 
host, is found. Small epidemics are undoubtedly in existence in 
some parts of the world at all times. Periodically the disease 
spreads to pandemic proportions and must be explained either 
by a diminution of the normal resistance or immunity of the 
host, or by an increase in the virulence of the virus or perhaps 
a combination of both. 

The virus of influenza .—In 1892 Pfeiffer (3) discovered the 
influenza bacillus in thirty-one cases of clinical influenza. The 
bacillus was present in smears from the pharynx and sputum. 
This organism is a small, Gram-negative, nonmotile, hsemo- 
globinophilic bacillus which grows aerobically at 37° C. on blood 
agar. Various investigators have found this organism almost 
constantly in the throats of influenza cases. It is present in 
about 30 per cent of normal throats and also occurs in cases of 
measles and whooping cough and in other infectious diseases. 
Pfeiffer claims to have produced influenza in a few instances in 
monkeys and atypical forms of the disease in rabbits. It is 
interesting to note that during the 1918 epidemic various 
organisms were reported from the different army camps in the 
United States as predominating in the cases of influenza in those 
particular localities. In some instances staphylococci predomi¬ 
nated, in other cases it was a streptococcus or a pneumococcus, 
while in others the Pfeiffer bacillus was the commonest organism 
found. All of these observations have led to the opinion that 
the influenza bacillus of Pfeiffer may be only a secondary in¬ 
vader, and while not the actual cause of influenza it may become 
exceedingly virulent and contribute to pneumonia, the most 
severe complication of the disease. Even now opinion remains 
divided as to the role the influenza bacillus plays in epidemic 
influenza. Some authorities still believe in its etiologie signific¬ 
ance, and the question remains unsettled. After the discovery 
by Pfeiffer of the influenza bacillus this investigator found in 
three cases of bronchopneumonia following diphtheria in children 
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a similar, although somewhat larger, bacillus which he desig¬ 
nated pseudoinfluenza bacillus. Whether or not this organism 
represents still another strain of the influenza bacillus and pos¬ 
sesses any relation to influenza is unknown. 

In 1918 Park and Williams (4) made a survey of the presence 
of the Pfeiffer bacillus at the beginning of the influenza epidemic 
in New York City. Their results are given in Table 8. 


Table 8 .—Influenza bacillus. 
INFLUENZA CASES OB ASSOCIATES. 


Group. 

Present. 

Absent, j 

Present. ; 



j 

Per cent. 

j Hospital cases.—... ! 

160 

40 ■ 

80 

3 Marines.. ....i 

30 

0 | 

100 

Home for children.... . __! 

47 

it 

! 

98 

i 

AUTOPSY OF INFLUENZA CASES. j 

Lungs....| 

24 

6 j 

80 

Traeheas...... J 

26 

i; 

96 

Heart’s blood.. 

3 

27 ! 

10 

1 

| V.W-N i iWUJ. 

1 

j Nurses, contacts......- 

4 

6 ! 

40 

Nurses, noncontacts.... 

1 

7 j 

9 

Measles____' 

4 

2; 

67 

Admission ward.... 

4 

s! 

41 

Home for girls (isolated). 

2 

32 i 

6 

Preventorium (not isolated)..... 

t ! 

14 

25 | 

33 


These results show that a greater percentage of influenza 
cases harbor the influenza bacillus than do presumably healthy 
persons, yet they indicate the presence of this organism in nor¬ 
mal persons. The etiologic significance of the influenza bacillus 
is exceedingly difficult to determine, since one set of exper¬ 
iments may indicate its relation to the disease while another 
indicates its unimportance. The very nature of influenza pres¬ 
ents difficulties which make the etiologic significance of this 
organism difficult to determine. For example, we do not know 
the relation of influenza to the “common cold,” to “grip,” “cat¬ 
arrhal fever,” or so-called “intestinal influenza,” although with 
regard to the last it is thought that true influenza may man¬ 
ifest itself predominately in some cases as an intestinal form. 
While a vast amount of experimental work has been published 
purporting to establish the influenza bacillus as the actual cause 
of influenza, such as the experimental production by Blake and 
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Cecil (5) of a respiratory disease in monkeys with this organism, 
which they state is typical of influenza in man, we must conclude 
that the question remains unsettled. 

Other investigators in searching for the etiologic agent of in¬ 
fluenza have considered the possibility of a filterable virus as the 
cause of this disease. This is suggested by the extreme infec¬ 
tiousness of the disease; by the lack of uniform bacteriologic 
findings, particularly in the mild early cases but also in the older 
cases; and by the similarity of mild influenza to the common 
cold which has been thought by Kruse, (6) Foster, (7) and others 
to be caused by a filter-passing virus. 

Nicolle and Lebailly(8) in 1918 reported their work on mice 
and guinea pigs in which they inoculated blood and secretions 
from cases of influenza, or uncomplicated grippe. Their results 
were negative. These investigators then inoculated secretions 
from the nose and mouth of a typical case into the conjunctiva 
and nasal cavities of several monkeys. Both filtered and un¬ 
filtered secretions were inoculated. At the same time two 
healthy human beings were inoculated. The monkeys became 
sick, had a temperature of 40° C., and were depressed, and diarr¬ 
hoea developed within six days. The human subjects inoculated 
subcutaneously exhibited similar symptoms about the same time. 
During the same year Dujarric de la Riviere(9) injected himself 
intraveneously with 4 cubic centimeters of blood taken from 
four cases of influenza, diluted and filtered, and three days later 
developed a temperature of 38° C. accompanied by intense head¬ 
ache, chills, pains in the limbs, ana weakness. After about five 
days he rapidly improved and remained subsequently immune to 
filtered sputum taken from influenza cases and sprayed into his 
nose and throat. About the same time Selter(io) sprayed his 
own throat and that of another human subject with filtered 
secretions taken from a patient having early influenza. Both 
Selter and his subject developed mild attacks of influenza. At 
this time Binder and Prell(H) described certain minute coccoid 
bodies in the tissues of influenza patients similar to those de¬ 
scribed by Noguchi in poliomyelitis. These bodies stained with 
iron haematoxylin and Giemsa's but were Gram-negative. They 
presented evidence that these bodies could be cultivated but were 
ifijepned' to treat their etiologic significance with conservatism. 
Later Angerer(i3) described similar bodies which he claimed to 
have cultivated directly from the serum of human cases of 
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In 1918 Broadford, Bashford, and Wilson (13) produced symp¬ 
toms in guinea pigs and monkeys with filtered material taken 
from cases of trench fever and influenza. In anaerobic cultures 
they found small Gram-positive bodies which they believed to 
be the causative agents. In the following year Arkwright (14) 
reported that in his hands the cultures of Wilson proved negative 
when inoculated into three volunteers. During the same year 
Yamanouchi, Sakakami, and Iwashima(iS) injected emulsions 
and filtrates of emulsions made of the sputa from forty-three 
cases of influenza, into the nose and throat of twenty-four volun¬ 
teers. These authors state that sis of the volunteers, who had 
previously had influenza, were immune and showed no symptoms 
following the inoculation, but the remaining eighteen developed 
the disease within two or three days. Furthermore, filtered 
blood taken from influenza patients produced the disease in 
healthy volunteers. These investigators were unable to produce 
symptoms by injecting Pfeiffer’s bacillus or this organism mixed 
with pneumococci, streptococci, and staphylococci into the nose 
and throat of fourteen healthy volunteers who had never had 
the disease. 

In 1919 Lister and Taylor (16) produced only negative results 
in monkeys and human beings following the injection of filtered 
material taken from the lungs and throats of influenza cases. 
Wahl, White, and Lyall(l7) during the same year obtained ne¬ 
gative results following a similar procedure. Leschke, (18) on the 
other hand, permitted a number of people to inhale the vapor 
from lung filtrates taken from typical cases of influenza and 
incubated for several days, and all of his subjects developed 
typical influenza. 

An attempt to induce the disease, using filtered nasal secretions 
injected into healthy human subjects, met with failure in the 
hands of Rosenau(l9) and McCoy (20) in experiments undertaken 
by the United States Public Health Service and the United States 
Navy in 1919. 

From 1920 to 1923 Olitsky and Gates published a series of 
papers dealing with a filterable virus obtained from influenza 
cases. These authors used filtered and unfiltered influenza se¬ 
cretions. Intratracheal inoculations were made directly into 
the lung tissue of rabbits -with unfiltered nasopharyngeal wash¬ 
ings, the filtered washings, lung-tissue suspensions (filtered and 
unfiltered) from previously inoculated rabbits, and lung tissue 
which had been preserved in 50 per cent glycerin. The injections 
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were made into rabbits with an intratracheal catheter, and about 
3 cubic centimeters of material were administered at each injec¬ 
tion. Within twenty-four to forty-eight hours following the 
inoculations the rabbits began to show symptoms. The first 
symptoms consisted of fever and general indisposition. A 
conjunctivitis and leukopenia then developed. Except in com¬ 
plicated cases the rabbits recovered after about three days. 
Clinical and pathological effects were produced in series through 
fifteen rabbits inoculated with ground lung tissue from a rabbit 
previously infected. Glycerinated material from one rabbit was 
passed through a series of ten rabbits, producing typical symp¬ 
toms of the disease in all. The infectious agent described by 
Olitsky and Gates is filterable through both Berkefeld V and N 
candles. 

When infected animals were killed during the period of illness 
these authors found that the lungs were enlarged and cedematous, 
and in some cases haemorrhagic. Haemorrhagic foci and alveolar 
exudate were found on microscopic examination. 

Later Olitsky and Gates were able to cultivate from the fil¬ 
tered washings taken from influenza patients a minute bacilloid 
body which they have designated Bacterium pneumosintes. 
They have also isolated this organism from the lungs of in¬ 
fected rabbits. This organism is a minute Gram-negative, an¬ 
aerobic bacillus-like body which is easily cultivated, but which 
loses its virulence rapidly under artificial cultivation. The mi¬ 
crobe appears larger after prolonged cultivations, but cultures 
are still obtained from filtrates. 

In summing up a discussion on the etiology of influenza in a 
paper on the etiology and epidemiology of influenza (1922) Zins¬ 
ser (21) states: 

This leaves the entire subject in a very unsatisfactory condition. The 
temptation to draw definite conclusions from material of this kind is 
always a strong one. But to profess certainty when available evidence 
does not justify definite conclusions is as serious an error as to put forth 
inconclusive experimental work, and would serve merely to mask the 
truth.—The problem of influenza etiology will not, in our opinion, be 
solved at times when influenza epidemics are in full swing or in their 
secondary or tertiary waves. Solution will come from laboratories that 
are prepared to pounce upon the opportunity when epidemics are in their 
'•ddBlSsfeohce.': 1 '' 

MacCallum(22) writing in 1926 states: 

As to influenza, the efforts of almost all the workers in the world failed 
to <%xmir the etiological factor when the most gigantic material was 
offered but the ''3ydie^iacbe ■' that the bacillus of Pfeiffer 
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could claim nothing more than the role of a secondary invader and that 
there must be a filterable virus although no one could demonstrate it. 
The work of Qlitsky and Gates on Bacillus pneumosintes, a filterable bac¬ 
terium, is extremely interesting but does not convince one at once that 
in that organism the cause of the epidemic is found. No one has actually 
reproduced the disease in characteristic form in spite of many efforts and 
it remains an unsolved problem. 

Incubation 'period of influenza .—The incubation period of in¬ 
fluenza is usually considered as ranging from two to four days. 
In some cases it may be only a matter of a few hours and in others 
more prolonged. 

Symptoms and clinical course of influenza .—The onset of in¬ 
fluenza is practically always abrupt. The first symptom in many 
eases is headache. In some nausea is the first manifestation. 
The temperature begins to rise quickly and the patient feels chilly. 
Pains in the limbs, back, head, and burning in the eyeballs come 
on almost immediately and are quite marked. The tempera¬ 
ture as a rule does not exceed 102 or 103° F. In some eases there 
is sore throat, catarrh, and coughing. Usually there is no rash, 
but slight indefinite rashes have been described as occurring in 
certain cases. The mortality in influenza is due chiefly to the 
respiratory complications since influenza itself is practically 
never fatal. It is believed that complications are due to second¬ 
ary invaders and not to a specific etiologic agent of the disease. 
Early in the course of the disease there is a moderate leucocy- 
tosis and in some cases a relative lymphocytosis, but later 
there is a leukopenia. In some epidemics intestinal symptoms 
are more marked than in others. In 1889 the epidemic of in¬ 
fluenza was characterized as a “nervous form” of the disease. 
During the World War the writer was stationed with the 42d 
Division in the Baccarat sector during what might be termed a 
comparatively mild epidemic of influenza. The symptoms were 
mostly respiratory, the disease of short duration, and many men 
stood by their posts throughout their illness. The relative im¬ 
munity of the soldiers of the American Expeditionary Forces 
over that of the soldiers in the United States has been com¬ 
mented on above. 

Animals susceptible to the virus of influenza .—Man is the na¬ 
tural host for this virus. Typical experimental influenza is very 
difficult to produce in laboratory animals, and in spite of frequent 
reports to the contrary, one questions whether typical influenza 
as it occurs in man has ever been produced in monkeys, rabbits, 
guinea pigs, or other laboratory animals. At present the ques¬ 
tion cannot be answered definitely. 
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Immunity .—There seems to be a general agreement that one 
attack of influenza confers a definite immunity. Vaughan (War¬ 
ren) (23) in 1921 reported the results of a survey in Boston carried 
out during the outbreak of the disease in 1918-19. Of 2,117 
families (10,000 individuals) 45 per cent had one or more persons 
attacked by influenza. During 1920, 14 per cent had had cases 
of influenza during the preceding epidemic, 58 per cent of the 
families has cases in either one or both epidemics, and 42 per 
cent of all families gave no history of influenza in either epidemic. 
In less than 8 per cent of 1,236 families every member of the 
family was attacked. This indicates that there is a natural 
immunity to the virus. An attack of influenza in the spring of 
1918 according to Vaughan protected against a subsequent attack 
in the autumn. Also as has been pointed out before, the sea¬ 
soned soldiers in France possessed more immunity to influenza 
than the unseasoned soldier at home since the American Ex¬ 
peditionary Forces soldier had passed through camps where 
influenza was prevalent and had escaped infection or had con¬ 
tracted a mild form of disease and had recovered. Just how long 
immunity to the influenza virus remains is unknown, but it is 
believed to last not much longer than one year. 

During the World War various vaccines consisting of Pfeif¬ 
fer’s bacillus, pneumococci, streptococci, etc., were used for the 
purpose of preventing influenza and pneumonia. Jordan (24) 
states in reference to this question: “Protection against influenza 
by vaccine inoculation is evidently a broken reed on which to 
lean.” He has published an excellent summary of its use during 
the last great epidemic. In general the results are conflicting 
and not at all promising. 

Prevention .—Isolation is possible in influenza but during the 
war it was definitely shown that this expedient is impracticable 
for this disease. This is true especially during great epidemics. 
In the household or small hospital isolation may be practiced and 
may prevent further spread of the infection. Quarantine was 
practiced in several army units during the epidemic of 1918 as 
well as in civil communities, and while the spread of the disease 
was delayed the disease eventually spread over such barriers. 
Masks to he worn over the lower part of the face to prevent the 
spread of secretions from the respiratory tract have been em¬ 
ployed without demonstrable effect. Complications seem to be 
increased in hospitalized cases, and in general this measure does 
not lessen the morbidity or mortality of the disease. Closing of 
schools has not led to a reduction in the number of cases of the 
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disease nor has the use of nose and throat sprays and gargles. 
Perhaps the only measure which has any effect in preventing 
the spread of influenza is the avoidance of crowded places such 
as theatres, churches, etc., during an epidemic. Undoubtedly 
large gatherings of people contribute not a little to the spread of 
this disease. General hygienic measures are of course indicated 
as in the case of any other communicable disease. 
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Chapter X 

THE RICKETTSIA DISEASES OF MAN AND ANIMALS 

In 1916 da Rocha-Lima(i) designated a group of peculiar mi¬ 
croorganisms found in lice by the term “Rickettsia” in honor 
of Howard Taylor Ricketts who first described organisms of 
this type in connection with his studies upon typhus fever. 
Both Ricketts and Prowazek fell victims to this malady in the 
course of their experimental work. Ricketts and Wilder (2) 
published a brief review of their w T ork in 1910. While Ricketts 
was never permitted to render a complete report on his valu¬ 
able work due to his untimely death, there is little doubt from 
the meager data available that he actually saw and described 
the peculiar group of microorganisms which we now designate 
Rickettsia -. 

In the blood of typhus-fever patients taken on the seventh 
to the twelfth day of the disease Ricketts and Wilder found 
short bacilli resembling the haemorrhagic septicaemia group of 
organisms. These organisms were stained by Giemsa's method. 
Their length was estimated as about 2 micromillimeters and 
their diameter at about one-third of this figure. On close exam¬ 
ination a faintly stained bar was seen to extend across the 
middle. Organisms were occasionally seen end to end. There 
were also observed in these preparations stained granules that 
were thought by Ricketts to be degeneration or involution forms 
of the organism. Some of the larger granules or “small rods” 
stained deep purple, while the smaller ones were colored blue. 
The bacillary bodies were not motile but were observed to 
vibrate more or less rapidly. These authors also examined the 
dejecta of lice for the presence of these organisms. They state— 

Streptococci, staphylococci, and oval bacilli occurring* in clusters, and 
certain solid bacilli, are encountered irregularly and indifferently in the 
feces and intestinal contents of both “normal” and “infected” (lice which 
were fed on typhus fever patients) lice. Polar staining organisms have 
been found occasionally in the feces and intestinal contents of normal lice, 
whereas they are present almost constantly, and often in large numbers, 
in similar material from “infected” individuals. 

Gaviuo and Gerard (3) during the same year also described 
bacilliform bodies and bipolar bodies free in the blood plasma 
of typhus cases. Hegler and Prowazek(4) in 1913 described 
262 
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from several cases of typhus fever certain paired granules in 
neutrophilic leucocytes that they believed to be microorganisms. 
Also in one instance these authors found a small coccuslike 
double organism in a smear from a louse fed upon typhus cases. 
The first definite work associating rickettsia and typhus was 
that of da Rocha Lima in 1916. This author found these or¬ 
ganisms in sections of lice which were fed on typhus cases 
but was unable to demonstrate their presence in normal lice. 
These bodies were present within the epithelial cells of the 
louse’s stomach, and there was some evidence that the cells 
were damaged by the presence of the organism. Da Rocha 
Lima described these bodies as organisms consisting of two 
substances, one staining faintly with Giemsa’s and the other 
taking a deep stain at the poles. Under the dark field these 
bodies resembled paired granules. Da Rocha Lima states that 
the single granules measure 0.3 by 0.4 micron, while the double 
granules or rods measure 0.3 by 0.9 micron. He designated 
these organisms Rickettsia prowazeki in honor of Prowazek. 

These results were soon confirmed by Noller,(5) Topfer and 
Schiissler, (6) and by Otto and Dietrich. (7) The latter also de¬ 
scribed threadlike forms of rickettsise in recently infected lice. 
In 1916 Topfer (6) described rickettsiae in lice in association 
with trench fever and this work was soon confirmed by Munk 
and da Rocha Lima, (8) although these authors denied its rela¬ 
tionship to the disease and denied its pathogenic properties. 
These authors suggested the name Rickettsia pedicidi for this 
organism. Brumpt(9) in 1918 and Strong (10) in 1919 opposed 
the idea that these rickettsiae were pathogenic. Both fed lice 
containing Rickettsia pediculi upon healthy persons without 
producing any ill effects. By this time it was known that some 
rickettsiae are pathogenic while others are not, and it had been 
shown that some rickettsiae are intracellular while others are 
extracellular. In 1909 Ricketts (2) described “bodies” which he 
found in the blood of human and experimental eases of Rocky 
Mountain spotted fever and also in the tissues and eggs of 
infected ticks. Wolbach(H) in 1919 definitely associated these 
organisms with rickettsiae. In 1923 Sellards(i2) cultivated from 
a monkey infected with tsutsugamushi fever an organism which 
he believes resembles rickettsia. In 1925 Cowdry(i3) described 
Rickettsia ruminantium, of heartwater disease of sheep, goats, 
and cattle, while in 1928 Sellards and Siler(i4) presented evi¬ 
dence to show that dengue fever may also be caused by an 
organism of this type. 
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That certain rickettsise are pathogenic while others are non- 
pathogenic is now a well-established fact. Rickettsia, both 
pathogenic and nonpathogenic, have been found in a variety 
of insects. The diseases for which etiological agents of this 
type have been established are as follows: Typhus fever, 
Rickettsia prowazeki; Rocky Mountain spotted fever, Derma- 
centroxenus rickettsi; heartwater, or veldt sickness, Rickettsia 
ruminantium; and possibly in trench fever, Rickettsia pediculi; 
tsutsugamushi fever, Rickettsia nipponica, and dengue fever (un¬ 
named) . The latter have not as yet been definitely established. 

In addition to the pathogenic rickettsise mentioned a number 
of organisms that also appear to be of this type have been 
described and apparently are unrelated to disease processes. 
To Table 9, from Wolbach, Todd, and Palfrey, we have added 
a few rickettsise that have been described since 1920. 

It will be noted in Table 9 that a surprisingly large number 
of rickettsise have been described since the early work of Ricketts 
in 1909. According to Hertig and Wolbach, over forty rickett- 
sia-Iike organisms have been reported. Authorities differ upon 
the nature of these “bodies,” and even though several of them 
have been the subject of much study we are unable to state 
just what is their exact nature. Woodcock believes that these 
“bodies” represent granules which result from disintegration 
or lysis of red blood corpuscles or other cells. Others believe 
that rickettsise represent actual microorganisms. It is quite 
possible that certain granules resulting from the disintegration 
of red blood cells and other cells may resemble closely the so- 
called rickettsise, and the true rickettsise may in reality be mi- 
crobic in nature. Cowdry(i5) defines rickettsise as including 
Gram-negative, intracellular, bacterium-like organisms. Wheth¬ 
er or not they are bacteria cannot be definitely asserted. 
There is, however, little evidence to favor the theory of their 
being Protozoa. In connection with the classification of the 
rickettsise with the filterable viruses Cowdry(l6) states that 
“Very obviously the rickettsise, which have been sometimes 
included in this category, belong elsewhere.” However, even 
though as a group the rickettsise present characteristics that 
are common to each other and permit their specific group classi¬ 
fication, there still remains the possibility that some of these 
organisms may be filterable. The Trench Fever Commission 
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of the American Red Cross stated, as one of their conclusions 
from the study of this disease, that “The organism causing 

Table 9.— Rickeitsise and then* insect hosts* 

Insecta. 

MalJophaga. 

Melophagus ovinus (sheep “louse” or “tick”). 

Rickettsia melophagi Noller (1917). 

Corrodentia. 

Psocas sp.? (dust louse). 

Unnamed riekettsia Sikora (1918). 

Hemiptera. 

Pediculus humanus (human louse). 

Rickettsia prowazeki Hegler and Prowazek (1914); da Rocha 
Lima: (1916). 

Rickettsia ( rocha-Hma?) Weigl (1920). 

Rickettsia pediculi Munk and da Rocha Lima (1917). 
Rickettsia quintana Munk and da Rocha Lima (1917); 
Schmincke (1917). 

Rickettsia wolhynica Toepfer (1916). 

Cimex (Acanthia) lectularius (bedbug). 

Rickettsia lectularius Bacot (1921). 

Diptera. 

Cidex pipiens (mosquito, Europe). 

Unnamed riekettsia Noller (1920). 

Aedes segypti (mosquito, Philippines, etc.). 

Unnamed riekettsia Sellards and Siler (1928). 

Siphonaptera, 

Ctenocephalus felis (cat flea). 

Rickettsia ctenocepkali Sikora (1918). 

CtenopsyUa musculi (mouse flea). 

Unnamed riekettsia Sikora (1918). 

Aracimida: Acarina. 

Dermacentor venustus (wood tick, United States). 

Dermacentroxenus ricketisi Ricketts (1909); Wolbach (1919). 
Leptus (Trombidmm) akamushi (harvest mite, Japan). 

Unverified quotation by Sikora (1920). 

Rickettsia nipponiea Sellards (1923); Nagayo (1924). 
Dermanyssus sp.? (bird mite. Europe). 

Unnamed Noller (1920). 

Amblyomma hebraeimi (bont tick). 

Rickettsia mminantiwm Cowdry (1925). 

a Hindle, Parasitology 13 No. 2 (1921) 152, has reported, without description, the ex¬ 
istence of rickettsise in lice of the horse, Trickodectes pUosus t and of the goat, Linognathus 
stenopsis. To these new rickettsise he has given the names Rickettsia trickodectes and 
Rickettsia linognathi, respectively. 
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the disease is a resistant, filtrable virus.” The members of 
this commission were unable to produce trench fever with fil¬ 
trates prepared from infected blood but were successful in three 
of five instances with filtrates prepared from infected urine 
and feces. They state: “The virus causing trench fever, there¬ 
fore, is evidently filterable at one stage at least of its life 
cycle, and in this respect it resembles the viruses of typhus, and 
of phlebotomus, and dengue fevers, to all of which diseases 
trench fever bears some analogy.” Furthermore, these authors 
found that the virus of trench fever is not to be found within 
the epithelial cells of the gut of the louse but is present in the 
lumen and consequently in the dejecta. In typhus fever the 
virus is found within the epithelial cells of the gut of the louse 
and can be regarded as an intracellular organism. 

In general we may say that the rickettsise represent a com¬ 
paratively new group of organisms and should be classified as 
a special group of microorganisms, at least for the time being. 
They should be defined as Gram-negative, bacterium-like or¬ 
ganisms, some of which are intracellular and some of which are 
extracellular, some of which may be filterable, and most of 
which are apparently nonfilterable, and some of which are pa¬ 
thogenic and related to specific disease processes, while others 
are harmless. 
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TYPHUS FEVER 

Definition .—Typhus fever is an acute self-limited, specific, 
infectious disease caused by Rickettsia proivazeki, and is trans¬ 
mitted to man through the agency of lice. 

History and distribution .—Typhus fever is thought to have 
existed in the time of Hippocrates. It is a matter of record 
that this disease was confused with typhoid fever until early 
in the nineteenth century. Before that time typhus fever was 
rampant in several parts of the world and large epidemics of 
typhoid fever were practically unknown. During the nineteenth 
century typhus fever began to decrease while great epidemics 
of typhoid fever became common. With the beginning of the 
World War typhus fever again appeared in epidemic propor¬ 
tions in Russia, Serbia, Poland, Germany, Bulgaria, and parts 
of Mexico. Typhus fever according to its history has always 
been associated with poverty, famine, vermin infestation, and 
pestilence of war. This was true during the Thirty Years' War 
and again during the last World War. It has been estimated 
that of one hundred seventy-five thousand British seamen in serv¬ 
ice during the Revolutionary War over eighteen thousand died of 
this disease. In Mexico typhus fever has long been endemic, at 
times assuming epidemic proportions. It is still present in that 
country. It has been estimated that nearly one hundred fifty 
thousand people died of this disease in Serbia during 1915. In 
the United States the disease has never become epidemic. There 
was a small outbreak of the disease in Philadelphia in 1883 and 
one in New York in 1891. Since 1900 there have been a few 
cases reported in different years, the greatest number being 
thirty-five reported in 1916. Most of these cases have proved 
to be among recently arrived immigrants from Europe. 

At the present time typhus fever exists in Europe, Asia, 
Africa, and America. It is commonest in Russia, the Bal¬ 
kans, Poland, Ireland, Galicia, Mexieo, and Spain. In America 
it was formerly known as Brill's disease. 

The virus .—The rickettsise are small, bacterium-like bodies, 
and in the opinion of some investigators they may be related 
to the protozoans. These organisms are transmitted to man by 
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various insects. They stain best with Giemsa’s or Romanow- 
ski's stain and are found in clusters or pairs within the intes¬ 
tinal cells of the louse in typhus fever. Similar organisms are 
found in the intestinal cells of Dermacentor andersoni, a 
tick which transmits Rocky Mountain spotted fever to man. In 
trench fever, another disease which may be due to a similar 
organism, the virus is apparently extracellular. 

The riekettsia causing typhus fever is found in the circulat¬ 
ing blood of cases of this disease but does not pass through the 
pores of a Berkefeld filter. The organisms do not grow on 
artificial culture media, but are cultivable in tissue culture. 
They are killed by heating to 55° C. for fifteen minutes but 
are not destroyed by freezing. Da Rocha Lima(l) described 
this organism as the cause of typhus fever in 1919 and named 
it after Ricketts and Prowazek. This agent is now thought to 
be the true etiologic cause of the disease. 

In 1920 the Report of the Typhus Fever Research Commission 
of the League of Red Cross Societies to Poland was published. (2) 
This commission made extensive investigations upon the etiology 
and transmission of the disease. It will be recalled that Brumpt 
and Strong were able to demonstrate rickettsise in lice from 
presumably disease-free persons, and were unable to infect per¬ 
sons with such rickettsia-infected lice. These control experi¬ 
ments were based wholly upon the examination of smear pre¬ 
parations. Munk and da Rocha Lima pointed out that there 
were two types of riekettsia in lice, one extracellular, which 
multiplies in the lumen of the gut, and the other intracellular, 
associated with typhus which multiplies within the epithelial 
cells. The latter was named Rickettsia prowazeki while the 
former was designated Rickettsia pediiculi. The Typhus Fever 
Research Commission states— 

In no control work has it been shown that intracellular riekettsia 
occur in lice from a certainly typhus free population, although both da 
Rocha-Lima and Toepfer state that very rarely Rickettsia pediculi may 
invade the cells. We, in view of the heavy typhus infestation of the 
countries in which this work was done, and our failure to find intracellular 
riekettsia in the controlled British stock lice fed upon Mr. Bacot during 
his illness with trench fever, regard these observations as open to strong 
doubt. Twenty-six liee of the British stock fed upon Mr. Bacot during 
his illness were studied in section. Seventeen contained extracellular 
riekettsia. Nine were negative. In none did we find intracellular rick- 
ettsia. On the other hand, since the association of riekettsia with trench 
fevetf has been given etiological significance by Toepfer (1916), Munk and 
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da Rocha-Limb (1917), Arkwright and Bacot (1919), (3) Byam (1919), 
(4) and since the riekettsia observed by these authors are of the ex¬ 
tracellular proliferating type and indistinguishable from Riekettsia pedi- 
culi of da Rocha-Lima, the question of deciding the specificity of riekettsia 
for trench fever is a most difficult one. The query is: are Rickettsia 
quintana (wolhynica ) and Rickettsia pedicuii identical? If so, is this 
riekettsia the cause of trench fever? 

The commission believes that there is strong presumptive 
evidence for this conclusion. 

According to the Typhus Fever Commission Rickettsia pro- 
wazeki ranges in size from 0.25 by 0.45 micron to 0.3 by 1.1 
microns. These measurements correspond closely to those which 
have been given by da Rocha Lima for these organisms. The 
commission states: 

In all smears, in addition to the small forms described above we have 
noted the presence of small numbers of slightly coecoid paired bodies, some¬ 
what lanceolate in shape and devoid of bluish staining intermediate sub¬ 
stance. These forms can be recognized in sections of lice and are the 
forms most easily demonstrable in human tissues. 

The commission also found that the delicate filamentous forms 
appeared only in lice fed upon typhus patients and never in 
control lice. These forms were definitely accepted as Rikettsia 
prowazeki. 

Sikora(5) in 1920 reported the presence of riekettsia in the 
salivary gland, but these findings were not confirmed by the 
Typhus Fever Commission. The commission inoculated a series 
of twelve guinea pigs with feces heavily infected with Rickettsia 
prowazeki, and concluded from the temperature reactions that 
in five instances the animals contracted typhus fever. Infection 
in guinea pigs was later confirmed by histologic examination. 
Da Rocha Lima (1919) had been unable to infect guinea pigs 
with louse feces, although Nieolle, Blanc, and Conseil(6) in. 
1914 had reported successful infections in these animals. Strong 
in 1918 showed that the virus of trench fever is not transmitted 
by infective lice to their ova although a number of observers 
had described Rickettsia, pedicuii as occurring in the ova. The 
Typhus Fever Commission found no rickettsfe in smear prep¬ 
arations of ova, larvae, and nymphs from eight boxes which con¬ 
tained lice infected with Rickettsia prowazeki. 

In 1912 Nieolle and Conor (7) reported that monkeys, Macacus 
rhesus, were resistant to typhus fever. This observation was 
confirmed by the Typhus Fever Commission, although they were 
able to produce a temperature reaction with the same material 
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used for the Macacus rhesus monkeys in one Cercopithicus 
(sabra ?). Two strains of typhus were maintained in guinea 
pigs for a period of over a year, the virus being transmitted 
from guinea pig to guinea pig by intraperitoneal injection of 
heart’s blood. The virulence of the virus was unaffected by 
repeated passage. The commission made numerous attempts to 
cultivate the virus of typhus without success. In human tissues 
the virus was demonstrated in the blood vessels in the skin, 
brain, kidneys, muscles, and testes. In general the commission 
concludes that the criteria for the diagnosis of Rickettsia pro- 
wazeki are as follows: The size; morphology; their staining 
reactions which must correspond with those of Rickettsia pro- 
wazeki in sections of lice; and their presence in vascular endo¬ 
thelial cells in situ in relation to the lesions of typhus. 

Later Wolbach and Schlesinger(8) demonstrated that the 
virus of typhus survives in tissue-plasma cultures for a length of 
time corresponding to the life of the endothelial cells multiplying 
in the cultures. The microorganism can be found in the 
endothelial cells in large numbers. Also brain-tissue cultures 
from typhus guinea pigs have proved successful. Plasma from 
guinea-pig blood is collected in paraffin-lined tubes, centrifuged, 
and chilled. The tissue for cultivation is cut in blocks 0.5 to 1 
cubic millimeter and is kept immersed in Ringer’s solution, 
then transfered to a sterile cover slip, and covered with sterile 
plasma. In this way the virus may be kept alive from four to 
six weeks. 

Incubation period.— The incubation period in typhus fever 
varies between four and fourteen days, the average being twelve 
days. In guinea pigs the incubation period ranges from seven 
to ten days. 

Symptoms. —The period of onset lasts about tw'o days. This 
period is characterized by nausea, headache, vertigo, etc. In 
some cases a general convulsion may occur and pass into deli¬ 
rium. The temperature usually rises suddenly on the third day 
to 103 or 104 0 F. The face becomes congested and the eyes 
suffused. The tongue becomes coated and the breath foul. The 
facial expression becomes dull and stuporous. Epistaxis and 
vomiting may occur. The rash appears on the fifth day and 
is generally pleomorphic. It has been described by the term 
“mulberry rash.” It first appears upon the abdomen and inner 
aspects of the arm and later spreads over the chest, hack, and 
trunk. In some cases it may involve the soles of the feet and 
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hands as well as the face. It may persist for ten days and 
usually fades slowly. 

Complications are common, especially in cases that are neg¬ 
lected. A terminal bronchopneumonia is common. Abortion, 
parotitis, and bedsores are frequent complications. 

In most cases the lethargy is pronounced. This is spoken of 
as the "typhus state.” Cerebration is slow, hands and tongue 
are tremulous, muscle twitchings may come on (cortical irrita¬ 
tion), and the patient may sink into a low muttering delirium. 
Secretion of urine may be diminished, suppressed, or there may 
be incontinence. Constipation rather than diarrhoea is the 
rule. There is a moderate leucocytosis ranging from 12,000 
to 15,000. The breath has been described as having the odor of 
gun washings. 

Animals susceptible to the virus of typhus. —Man is the nat¬ 
ural host for the virus of typhus, the virus being transmitted 
from man to man through the agency of the louse Pedicvlus 
humanus var. corporis and capitis. The virus is pathogenic for 
chimpanzees, lower monkeys, and the guinea pig. 

Immunity. —One attack of typhus fever confers a definite im¬ 
munity. Animals experimentally infected that recover possess 
a well-defined immunity against subsequent infection. Many 
guinea pigs are said to be naturally immune. This is also true 
of some species of monkeys. 

In 1915 Weil and Felix isolated certain strains of the proteus 
group of bacteria from the stools and urine of typhus-fever 
patients which they designated X2 and X19. The serum of 
typhus-fever patients possesses the property of agglutinating 
these organisms, but it has been demonstrated beyond doubt 
that B. proteus is not the cause of the disease. The reaction, 
however, is of diagnostic significance, especially since it appears 
usually before the sixth day of the disease. This reaction has 
been designated the “Weil-Felix” reaction. The serum when 
tested between the eighth and twenty-first days may have an 
agglutinating power of 1 : 2,500. 

Pathology. —The anatomical changes in typhus fever consist 
chiefly of lesions in the blood vessels. There is a perivascular 
infiltration of cells and a disintegration of the endothelium and 
proliferation causing thrombi and hemorrhages. Lesions of 
the blood vessels of the skin result in the characteristic macular 
and hemorrhagic eruption. Similar lesions are also found in 
the brain from which result the symptoms related to the central 
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nervous system. Similar lesions are also found in the blood 
vessels of the kidneys, muscles, arid testes. 

Prevention and control— Preventive and control measures 
should be directed toward the eradication of the body louse. 
Isolation and quarantine are of course indicated during epide¬ 
mics. The problem has a large social aspect which involves the 
education of the ignorant along hygienic lines and the better¬ 
ment of the economic status of the poorer classes who are most 
affected by this disease. Proper clothing and food are im¬ 
portant considerations in epidemics of this disease, and all 
articles of wearing apparel of affected persons should be effec¬ 
tively sterilized as well as rooms which they occupy. Asheshov 
has introduced a serum treatment in southern Russia which is 
said to mitigate the severity of the disease although it does not 
shorten its duration. The serum employed by Asheshov is ob¬ 
tained from convalescent petients. No satisfactory vaccine or 
serum is available for protection. 
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TRENCH FEVER 

Definition .—Trench fever is a specific infectious disease which 
is caused by a filterable virus transmitted by the louse Pediculus 
humanus var. corporis . It is characterized by recurrent py¬ 
rexia, headache, vertigo, sweating, and polyuria. There is a 
slight leucocytosis at the heighth of the fever. 

History and distribution. —Trench fever first appeared in the 
British Expeditionary Force in 1915. In the beginning this 
disease was diagnosed P. U. 0. (pyrexia of unknown origin). 
Rater it became known as ‘Trench fever.” During the remain¬ 
ing years of the World War the disease spread to the French, 
Italian, German, and Austrian armies. Some epidemiologists 
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have attempted to indentify this disease with quintan fever, de¬ 
scribed by Hippocrates, Galen, and others, but there is little in¬ 
formation upon which to base such a conclusion. The report 
of the Trench Fever Commission of the American .Red Cross 
Committee (1) in 1918 asserts that “it may be stated that no 
other infectious disease during the past two years has occasioned 
so much sickness among the troops in France.” Grieveson<2) 
reported that trench fever formed 40 per cent of his hospital 
evacuation, and at one time 80 per cent of all cases of sickness. 
Further, this author stated that the morbidity rate of trench 
fever can be equalled only by such plagues as typhus, typhoid, 
and malaria, Muir (3) reported that within eight months there 
were three hundred fifty cases of trench fever sent to three 
field ambulances each month. 

The virus of trench fever .—From the researches of the Trench 
Fever Commission of the American Red Cross Research Com¬ 
mittee there seems to be little doubt that the causative agent of 
this disease is a filterable virus. The conclusions reached by 
this commission are quoted below : 

1. That trench fever is a specific, infectious disease; that it is not a 
modified form of typhoid or paratyphoid fever, and is not related, from an 
etiological standpoint, to these diseases. 

2. That the organism causing the disease is a resistant filterable virus. 

3. That the virus causing trench fever is present particularly in the 
plasma of the blood of trench fever eases, and that such plasma will 
produce the disease on inoculation into healthy individuals. 

4. That the disease is transmitted naturally by the louse Pediculus 
humanus, Linn., var. corporis, and that this is the Important and com¬ 
mon means of transmission. That that louse may transmit the disease 
by its bite alone, the usually manner of infection, or the disease may be 
produced artificially by scarifying the skin and rubbing in a small amount 
of the infected louse excrement. 

5. That a man may be entirely free from lice at the time he develops 
trench fever, the louse that infected him having left Mm sometime pre¬ 
viously as its host, and that the louse need only remain upon the individual 
for a short period of time in order to infect him. 

6. That the virus of trench fever is also sometimes present in the 
urine of trench fever cases, and occasionally in the sputum, and that the 
disease may be produced in man by the introduction of the virus in 
the urine or sputum through the scarified or otherwise abraded skin. 

7. That since the urine and sometimes the sputum of trench fever pa¬ 
tients are infective, these should be sterilized in order to avoid the pos¬ 
sibility of accidental infection from them. 

8. That in order to prevent trench fever or limit its spread, and thus 
save man-power for the armies, greater effort must be made to keep sol¬ 
diers in general from infestation with lice. 

242402-18 
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The British Investigation Committee(4) found that lice re¬ 
main infective for at least twenty-three days after feeding on 
the infected patients. Probable infection is brought about by 
rubbing and scratching the skin upon which is deposited the 
louse and its excreta. 

The Trench Fever Commission inoculated thirty-four men 
either with blood or some constituent element of the blood, 
taken from trench-fever cases in the febril stages of the disease. 
The disease was induced in twenty-three of these cases. 
McNee(5) and his colleagues reported that the virus of trench 
fever was intracorpuscular and not free in the plasma or serum. 
The Trench Fever Commission, however, showed that the virus 
is present in the fluid part of the blood, and is not contained 
within the blood corpuscles themselves. No evidence that the 
virus is filterable was obtained by the commission from five 
experiments performed with filtered plasma, and one with fil¬ 
tered serum. However, a typical attack of the disease was 
produced with filtrates prepared from the sediments of in¬ 
fected urines. Also the disease was produced in two out of 
three instances with filtered material prepared from the excre¬ 
ment of infected lice. The commission states: “Therefore, these 
three positive experiments demonstrate that at least one stage 
of development of the virus of trench fever is filterable and ul- 
tramieroseopic.” 

The commission also demonstrated that the virus of trench 
fever resists a temperature of 60° C. moist heat for thirty 
minutes but is destroyed at 70° C. moist heat when exposed for 
the same length of time. 

As has been true in many other diseases of obscure etiology 
a large variety of etiological agents have been suggested as the 
cause of trench fever. McNee, Brunt, and Renshaw suggested 
the intracorpuscular nature of the causative agent of this disease 
but did not favor the theory that it is ultramieroscopic. Hous¬ 
ton and McCloy(6) suggested the enterococcus as the causative 
factor. These authors succeeded in isolating this organism 
from the blood of three eases of trench fever, from the urine 
of three, and from the sputum of one. Sundell and Nankivell, (7) 
however, were unable to isolate this organism from the blood 
of cases having this disease. Dimond(8) described a protozoan, 
a hsemogregarine, resembling Hsemogregarina gracilis found by 
Wenyon in a lizard host. This organism is said to have been 
found in twelve cases from the venous blood and in material 
obtained by splenic and liver puncture. These results have not 
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been confirmed. Henry(9) described a flagellate similar to the 
organism described by Dimond. Pappenheimer, Vermilye, and 
Muller (10) described a small, circular, slightly oval, bluish purple 
body lying among the blood cells and free in the plasma, although 
these authors later decided that these bodies were not related 
to the disease in an etiological way. Sundell and Nankivell(ii) 
described a spirochete which they found in the urine of cases of 
trench fever, an observation that was confirmed by Patter¬ 
son (12) and by Stoddard. (13) 

His (17) described diplococci and short rods free in the plasma 
and in the red cells in the blood of Wolhynian fever. Similar 
bodies were found also in guinea pigs that were inoculated with 
blood from cases of trench fever. These bodies stained at the 
poles. Such organisms were also described by Zollenkopf,(l8) 
Brasch,(i9) Jungmann and Kuczynski, (20) and others. Jung- 
mann and Kuczynski believed that these bodies belong to the 
Chlamydozoa and are similar to Rickettsia proivazeki of ty¬ 
phus fever. The same bodies were found in the intestines of 
lice fed upon their eases. Da Rocha Lima (21) and Brumpt, (22) 
however, have found similar bodies in the intestines of normal 
lice fed upon healthy individuals, and such lice when fed upon 
other healthy individuals produce no disease. The thought per¬ 
sisted, however, that trench fever is caused by Rickettsia pecli- 
cvM. Investigations by Toepfer,(23) Munk and da Rocha 
Lima, (24) Arkwright and Bacot, (25) and Byam(26) indicate that 
trench fever is caused by a rickettsia. Toepfer found rickettsia- 
like organisms in association with Wolhynian fever and de¬ 
scribed diplobaeillary and diplococcoid bodies in the blood of 
trench-fever patients. In another paper he reported the pres¬ 
ence of these bodies in lice fed upon trench-fever cases. Munk 
and da Rocha Lima also found riekettske in lice from trench- 
fever cases, but these authors were unable to prove their relation 
to the disease since these bodies were found in lice fed on nor¬ 
mal people. Similar results have been reported by Arkwright 
and Bacot, and the question of deciding the specificity of ricket¬ 
tsia for trench fever is difficult. By am states: 

“In fifty-three experimental inoculations of volunteers at the New End 
Hospital, the lice or excreta of lice, used as virus, were examined mi¬ 
croscopically. In every case the lice had previously been fed on a trench 
fever case. Twenty-seven specimens showed rickettsia bodies and caused 
trench fever. Ten specimens did not show rickettsia and did not cause 
trench fever. One specimen showed rickettsia, but did not cause trench 
fever. Two specimens did not show rickettsia bodies, but caused trench 
fever.” Four were doubtful. Nine specimens showed rickettsia bodies, 
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but did not cause trench fever because the virus had been destroyed by 
heat or disinfectant. 

This author concludes, “The constant presence, after a suitable lapse of 
time, of rickettsia bodies in lice which have fed on a trench fever patient 
has been confirmed. The absence of rickettsia bodies from lice bred in 
captivity, and fed only on healthy men, has been shown by our work.” 

The Trench Fever Commission of the American Red Cross 
Research Committee concludes that no visible organism is de¬ 
monstrable, and that the virus is filterable and should be clas¬ 
sified as a resistant filterable agent. They point out that the 
difficulties encountered in filtration of the trench-fever virus 
are common to many other filterable viruses and this alone 
should not mitigate against the filterable virus etiology of this 
disease. Also the resistance of the virus to heat is characteristic 
of other viruses that are accepted as filterable agents. 

While some believe that the cause of trench fever is a rickett¬ 
sia decision must at present be held in abeyance. Rickettsia 
pediculi is found in the intestinal lumen of the louse and not in 
the epithelial cells as in the case of the rickettsia of typhus 
fever and Rocky Mountain spotted fever. From a survey of 
the literature bearing upon this subject we are inclined to the 
view that Rickettsia pediculi may be nonpathogenic and as such 
is not related in an etiological way to trench fever. For the 
present, at least, we must think of trench fever as a virus dis¬ 
ease and leave future investigations to decide the exact nature 
of the causative agent. 

Incubation period .—The incubation period in trench fever is 
extremely variable. In artificially induced infections the in¬ 
cubation period has varied from five to thirty days. In general 
it ranges from fourteen to thirty days. 

Symptoms .—There are prodromal symptoms consisting of 
headache, pain in the limbs, fever, etc., during the incubation 
period. The disease comes on suddenly and is characterized by 
headache, dizziness, pains in the legs, back, and behind the eye¬ 
balls, injection of the conjunctivse, and a sharp rise in tem¬ 
perature to 103 or 104° F. The fever is of a relapsing character 
in most cases. In the great majority of cases, 70 to 80 per 
cent, an erythematous rash develops over the chest, back, and 
abdomen. In some cases the rash is papular. The rash usually 
disappears within twenty-four hours. Usually the erythema¬ 
tous spots appear early in the course of the disease. The urine 
may show albumin. The leucocytic count is not constant. 
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Pvt. J. McNish. 

Admitted Feb. 11, 1918. Onset sudden, Feb. 12tb, at 2 p.m. In the morning be felt a little 
dizzy ; after dinner a little weak, headache, backache, and pain in upper part of thighs. There 
was slight diarrhoea during the day, but none to-day. Last night sleepless because of the pains. 
There was dryness of the throat with some slight trouble in swallowing. This morning he vomited; 
temperature 103° F. Pains continue ; prostration seems to be more marked. Physical exami¬ 
nation : Tonsils enlarged, not red ; no exudate ; slight tenderness left side of neck, just under 
angle of the jaw. Spleen palpable, heart and lungs normal. Slight supra-orbit&I tenderness; 
marked tenderness in the lumbar regions and in the upper outer side of thighs. Feb. 13. He 
is much better to-day and is hungry. Feb. 15. Not so comfortable as yesterday. The pain in 
the lower lumbar regions continues. Feb. 17. There is moderate tenderness and slight rigidity 
in lower right abdomen. Feb. 18. Had a very good night, free from pain to-day ; the tender¬ 
ness in the back continues. Feb. 2L Has only a slight pain in the back. Mar. 26. Has 
had no further symptoms. Convalescence has been uneventful except for some increase in heart 
action, and slight fever. Summary: Short-course type of trench fever, followed by two slight 
febrile relapses without symptoms when patient got up. On Feb. 12th, the third day of disease, 
his blood was transferred to No. 22 (Schaeffer), who developed long-course trench fever after an 
incubationperiod of five days. Lice were fed on MeNish, then transferred to No. 72 (Cody), After 
remaining on Cody two days they were transferred to No. 14 (Lowell). Both of thesfc subjects 
developed trench fever after a period of twenty-six and thirty days respectively. 

Fig. 5. Case of trench fever. (After the Trench Fever Report of Commission Medical 
Research Committee, American Red Cross.) 

There may be a moderate leueocytosis or no rise at all. The 
fever is variable. It may persist for a week, then fall, or it 
may be intermittent in type. Trench-fever cases are prone to 
have relapses. Some cases may have six or seven relapses 
with periods of several weeks intervening between relapses. 
In nearly every case there is an enlargement of the spleen. 

Usually the patient recovers within five to six weeks, but the 
disease may be prolonged over long periods of time. A certain 
percentage of patients pass into chronic ill health that is mani¬ 
fested by nervous symptoms, mental depression, disordered ac- 
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Lance-Corp. Holroyd, age 34. 

Admitted Feb. 13, 1918. Perfectly well yesterday morning until 9 a.m., when there was 
a sudden onset, with pain in head, back, and legs. He vomited several times, had a troublesome 
cough, and was kept awake most of last night with pain and cough. There was very marked 
prostration from the time of onset. Symptoms continued ; he reported sick, and was sent imme¬ 
diately to the hospital. Physical examination: Marked prostration, flushed face, coated tongue, 
throat normal, heart over-active, pulse bounding. Lungs: no dullness; few sibilant and sonorous 
sounds, especially over left posteriorly. Abdomen held somewhat rigid, but relaxes on breathing. 
Spleen palpable. Tenderness : supra-orbital, lumbar, thighs, knees, and in shins. Feb. 14. 
Had a restless night, with headache, backache, and pains in the legs. There is some pain over the 
heart, less coughing, appetite better, lungs clear. Tenderness; supra-orbital, lumbar, over 
splenic area, over upper side of thighs, very marked in the shins and knees. Feb. 15. Is much 
better ; has very little pain. Herpes has appeared on lips. Feb. 18. Had a definite clinical 
relapse yesterday afternoon, but this morning is feeling better. Mar. 1. Has had no further 
relapses; very little pain. His convalescence has been steady. Summary; Typical short- 
course type of trench fever. On Feb. 14, the third day of disease, his blood was transferred to 
No. 35 (Walker), who developed long-course type of trench fever with an incubation period of 
five days. 

Fig. 6. Case oi trench fever. (After the Trench Fever Report of Commission Medical 
Research Committee, American Red Cross.) 

tion of the heart, ete. Trench fever is never fatal, and complete 
recovery is the rule. 

Animals susceptible to the virus of trench fever .—Man alone 
is affected by trench fever. Experimental work in animals with 
various viruses supposed to be the causative agent of this disease 
has been reported, but at present such work cannot be accepted 
as well authenticated or related to the true virus of trench fever. 

Immunity .—There seems little doubt that some immunity is 
produced by one attack of trench fever. The exact degree of 
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immunity, however, that is conferred is unknown. The fact that 
relapses are so prone to occur in this disease indicates that the 
degree of immunity produced is not very great. 

Pathology. —There has been a great paucity of material with 
which to study the anatomical changes produced in trench fever. 
It is known, however, that the lesions are largely vascular and 
similar to those in typhus fever and Rocky Mountain spotted 
fever. 

Control measures .— Prevention and control of trench fever is 
brought about by delousing, and the disinfection of urine, spu¬ 
tum, and other secretions of the patient that are infective. 
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ROCKY MOUNTAIN SPOTTED FEVER 
Black fever; Blue disease 

Definition .—Rocky Mountain spotted fever is a specific in¬ 
fectious disease supervening on the bite of a certain tick, Der- 
macentor andersoni, that is focalized on the western slope of 
the Bitter Root Valley in Montana. The disease is charac¬ 
terized, as is typhus fever, by a macular eruption which be¬ 
comes petechial. Increased irritability and hyperesthesia of 
the skin are common, the spleen is enlarged, the urine may con¬ 
tain albumin and casts, and catarrh of the respiratory tract is 
present throughout the course of the affection. 

History and destribution. —Rocky Mountain fever is said to 
have existed along the Snake River in Idaho since 1873. In 
1889 Maxey(i) published what is thought to be the first de- 
scrpition of the disease. It was not until 1902 that any serious 
effort was made to study this affection. At that time Wilson 
and Chowning,(2) at the request of the State Board of Health 
of Montana, began an investigation of the disease in the Bitter 
Root Valley. As a result of their work it was learned that the 
disease occurs chiefly in the spring of the year, and these 
authors discovered that a tick was instrumental in spreading 
the infection. Wilson and Chowning believed that the disease 
was caused by a hasmatozoan related to Piroplasma and sug¬ 
gested the name “Piroplasmosis hominis” by which to desig¬ 
nate it. 

Rocky Mountain fever is most prevalent and fatal in the 
Bitter Root Valley, but the infection has spread over several 
states in the Rocky Mountain region, including Colorado, Idaho, 
Utah, Oregon, Nebraska, Montana, and Wyoming, and has been 
found in California, South Dakota, Washington, and British 
Columbia. In Idaho the disease is of a mild character, while in 
Montana its mortality has been as high as 90 per cent. About 
five hundred cases are reported each year. 

In 1906 Ricketts (3) confirmed the finding of Wilson and 
Chowning that the virus of Rocky Mountain fever is carried by 
a tick and further demonstrated that the particular tick involved 
is Dermacentor andersoni. Other ticks, Dermacentor modestus 
and D. mwrginatus, are also said to be capable of transmitting 
the infection. The disease may be transmitted from man to 
monkeys and to guinea pigs. 

The virus of Rocky Mountain fever. —The virus of Rocky 
Mountain fever is transmitted to man through the bite of the 
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tick Dermacentor andersoni. The infection may be transmitted 
by the larva, the nymph, and both adult female and male ticks, 
Only the adult tick attacks man, but the disease is transmitted 
to animals such as the mountain goat, sheep, brown bear, coyote, 
badger, and wild cat, by the larvae and nymphs. The virus is 
also transmitted by heredity through the ticks to their larvae. 

WolbaehO) first described the virus of Rocky Mountain fever, 
although Ricketts had previously described certain “bodies” 
present in the blood stream of human cases as well as in the 
tissues and eggs of infected ticks. Wolbach described small 
bodies which stained with Giemsa’s in the endothelial cells of 
the blood vessels. These he also found in the testes of man, in 
experimentally infected guinea pigs, and in the bodies, salivary 
glands, and eggs of infected ticks. Lanceolate diplococcal or¬ 
ganisms were found in the circulating blood and in the endo¬ 
thelial cells. These bodies contain a chromatin-staining sub¬ 
stance. Also blue-staining rod-shaped forms were noted. This 
author has designated these organisms Dermacentroxenus rie- 
Jcettsi. Later Wolbach (5) in collaboration with Sehlesinger 
succeed in cultivating these organisms in tissue-plasma medium 
(see Typhus Fever). 

The virus of Rocky Mountain spotted fever is readily inocu¬ 
lated into man and can be passed to monkeys and guinea pigs, 
both of which exhibit a characteristic symptom; that is, scrotal 
inflammation and swelling. Under natural conditions com¬ 
paratively few ticks are infected. Ricketts found only one in 
two hundred ninety-six ticks. Ricketts explains the difference 
between the case mortality rate in Montana (case fatality of 90 
per cent) and in Idaho (case fatality of about 5 per cent) on the 
basis of there being a particular species of tick capable of tran¬ 
smitting the infection in each area. In Montana D. venustus is 
the vector, while in Idaho D. maturatus carries the infection. 
{Dermacentor venustus and D. andersoni refer to the same 
species.) 

The virus of Rocky Mountain spotted fever is not filterable. 
It is less bacterium-like than any of the rickettsise. Cross-im¬ 
munity experiments with the virus of typhus fever, according to 
Wolbach, Todd, and Palfrey, (6) show that guinea pigs that have 
recovered from typhus fever do not react as do normal guinea 
pigs to the virus of Rocky Mountain spotted fever. Typhus- 
fever-immune guinea pigs develop spotted fever, but they all 
show lengthened incubation periods and lower temperatures. 
The mortality is also reduced about 50 per cent. 
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The characteristic form of the virus is a short rod, which 
occurs in pairs and clusters in the lesions of the blood vessels, 
testicle, skin, and subcutaneous tissues. It invades all the tis¬ 
sues of the tick, and a rickettsia-like organism has been cultivated 
from the tick by Noguchi. (7) In man the virus is found chiefly 
in the smaller peripheral blood vessels and causes a proliferating 
endarteritis. 

Symptoms.—The disease is ushered in by general malaise 
followed by chills. The temperature rises from the second to 
the fifth day from 103 to 105 or 107° F. Delirium and semi¬ 
unconsciousness develop. In favorable cases the temperature 
begins to fall by lysis by the end of the second week. The 
eruption appears about the fourth to the seventh day. The 
eruption is macular in character and later becomes petechial 
with a tendency to become confluent. Slight jaundice of the 
skin an'd scleree is also present. Gangrene of the fingers, toes, 
lobes of the ears, and skin of the elbows may occur in some cases. 
The spleen is enlarged and tender, the liver showing only slight 
enlargement. Urine is scanty, highly colored, and may contain 
albumin and casts. Nausea and vomiting usually occur in the 
seeond week and persist throughout in unfavorable cases. Res¬ 
piration and pulse are rapid. There is usually no increase in 
leucocytes, but an increased number of mononuclear cells. Gan¬ 
grene of the tonsils, scrotum, and prepuce is commoner in the 
mild form of the disease than in the highly fatal type. No ex¬ 
planation has been offered for this. Constipation rather than 
diarrhoea is the rule. 

The disease somewhat resembles typhoid fever but is easily 
differentiated from typhoid by its sudden onset and a negative 
Widal reaction. 

Animals susceptible to the virus of Rocky Mountain fever .— 
In addition to man the following animals have been found to be 
hosts for the tick D. andersoni, D. maturatus, etc.: Monkeys, 
guinea pigs, rabbits, ground squirrels, woodchucks, goats, sheep, 
the brown bear, the coyote, badgers, and wild cats. The virus 
of spotted fever has been transmitted to monkeys, guinea pigs, 
rabbits, ground squirrels, and woodchucks. 

Immunity. —Spotted fever attacks either sex, and at any age. 
One attack of the disease confers a high degree of immunity. 
Laboratory animals are completely immune following an attack 
of the discase. No case of a second attack in man has been 
reported. Blood serum from recovered cases possesses pro¬ 
tective properties for guinea pigs. Also the serum from eon- 
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valescent animals is protective. Noguchi(8) has been able to 
immunize animals with a mixture of convalescent serum and 
virus. Spencer and Parker(9) found that emulsions of infected 
ticks to which is added 0.5 per cent phenol, will protect not 
only guinea pigs, rabbits, and monkeys against the virus of 
spotted fever, but there is good evidence that human beings can 
be immunized as well by this method. 

Pathology. —The anatomical changes in spotted fever consist 
of a hypostatic congestion of the lungs, enlarged spleen and 
lymph glands, subserous peteehise, fatty degeneration of the 
hepatic cells, congestion of the renal cortex, and haemorrhages 
into the genitalia. Gangrene of the scrotum and prepuce is fre¬ 
quently noted. There is a proliferation of the endothelium of 
the arteries and veins of the skin and subcutaneous tissue, and 
a perivascular mononuclear infiltration. The rickettsia bodies 
are found within the endothelial cells. 

Prevention and control. —Effort to prevent and control spotted 
fever should logically be directed toward the eradication of the 
ticks that serve as carriers of the virus. Dipping and spray¬ 
ing of domestic animals have been recommended. These to¬ 
gether with clearing of the land by burning, and cultivation of 
the tillable soil should do much in lowering the incidence of this 
disease. The protective vaccine of Spencer and Parker, if as 
efficacious as their early reports indicate, should be employed 
extensively for prophylaxis. 
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HEARTWATER: VELDT SICKNESS 

Definition. —Heartwater, or veldt sickness, is an aeute in¬ 
fection characterized by hydropericardium and an aeute gas¬ 
troenteritis, presumably a rickettsia disease transmitted from 
affected animals to healthy animals by the tick Amblyomma 
hebmeum. 
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History. —Heartwater, according to Hutcheon,(i) first ap¬ 
peared in South Africa in 1860. This was about the time the 
bont tick, Amblyomma hebraeum, appeared in the same locality. 
The disease has been studied experimentally by Hutcheon,(2) 
Edington,(3) Cowdry, (4) and others. Edington succeeded in 
transmitting heartwater to susceptible cattle by inoculating 
blood containing the virus; Lounsbury (5) transmitted the disease 
to sheep and goats. 

Distribution. —Heartwater has been limited to South Africa, 
but in 1918 the disease was reported in Angola and the Belgian 
Congo by Van Saceghem.(6) The disease has not been reported 
in any other locality. 

Incubation period of heartwater. —The incubation period in 
heartwater is approximately fourteen days in the natural in¬ 
fection by the tick, but is usually somewhat less when the disease 
is induced artificially by inoculated blood. It may vary from 
five to fifteen days. 

Symptoms of the disease. —The first sign of the disease is 
fever. This reaction is characteristic, the temperature rising 
abruptly to 105° or more and remaining at this level for as 
long as a week after which it may suddenly drop to subnormal 
before death. Theiler (7) believes that the symptoms can be 
explained only by the fact that the virus is present in the blood 
stream. Nervous symptoms such as muscular twitching, squint¬ 
ing, salivation, tetanic seizures, and galloping movements after 
the animal has fallen are said to occur occasionally. (Cowdry.) 
According to Theiler the mortality is over 50 per cent. 

Animals susceptible to the virus of heartwater. —The disease 
appears to be limited to sheep, goats, and cattle. No other 
species has been experimentally infected. 

The virus of heartwater. —That the virus of heartwater is 
present in the circulating blood has been adequately demon¬ 
strated. According to Theiler (8) the virus is not filterable 
through a Berkefeld or Chamberland filter. Cowdry, at the 
suggestion of Theiler, recently made a cytological study of the 
tissues of experimentally infected animals (goats) in order to 
test the hypothesis that the disease is due to a riekettsia. Ac¬ 
cording to Cowdry’s protocols the heartwater virus used in his 
experiments transmitted the disease to goats with great con¬ 
stancy. The incubation period in the artificially induced dis¬ 
ease was about ten days. Sheep and cattle were also used in 
some of the experiments. Cowdry was unable to demonstrate 
any organisms in the fresh blood from infected animals , though 
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it was known that the blood was infective. However, in fixed 
tissues, at first from the spleen and later from other organs, 
peculiar Gram-negative cocci were demonstrated. These micro¬ 
organisms were found in the endothelial cells of the capillaries 
of the renal glomeruli, and in the superficial gray matter of the 
cerebral cortex. Microorganisms were also found in the lymph 
glands, corpus luteum, cerebellar cortex, suprarenals, mid-brain, 
medulla oblongata, ovaries, corpus striatum, salivary glands, 
pancreas, and heart muscle. The organisms were never demon¬ 
strated in either the liver or the lungs. After death the organ¬ 
isms remained in the tissues for at least six hours. 

Cowdry states that the most characteristic lesion in the dis¬ 
ease is a marked swelling of the endothelial cells. In these cells 
the organisms may be found in great numbers. While isolated 
organisms were never observed, the clumps were always found 
to be surrounded by a halo of cytoplasm staining very lightly 
or not at all. In some cases the endothelial enlargements were 
found entirely blocking the lumina of the capillaries. 

These organisms are described by Cowdry as “uniform coccus¬ 
shaped bodies, 0.2 to 0.5 micra in diameter, as measured after 
fixation in Zenker’s fluid or Rebaud’s fluid and coloration by 
Giemsa’s stain, or by any basic anilline dye.” These bodies are 
clearly differentiated from the granules in granular leucocytes, 
from mitochondria, from the granules of mast cells, and from the 
products of the phagocytosis of haemoglobin. Cowdry believes 
the organism to be a typical endothelial parasite and has desig¬ 
nated it Rickettsia ruminantium since it is the first micro¬ 
organisms resembling rickettsise found associated with a disease 
of ruminants. In a second paper Cowdry has studied Rickettsia 
ruminantium in the tick and found that— 

when larvae, which had taken no food since hatching, were allowed to 
feed upon cases of heartwater, they acquired Rickettsiae which appeared 
to' be identical with those in the tissues of animals suffering from heart- 
water, whereas control larvae hatched from eggs deposited by the same 
female and fed on normal animals remained free of Rickettsiae. After 
larvae presumably infective had molted, the resultant nymphae contain¬ 
ing Rickettsiae in their alimentary tracts, when fed upon susceptible 
animals produced in them typical attacks of heartwater, which the control 
nymphae, devoid of Rickettsiae, failed to do* 

The tissues of the infected animals were found by this author 
to contain typical rickettsise, thus presenting the final argument 
for the etiology of this disease. 

Immunity in heartwater . —One attack of the disease confers 
immunity. Hyperimmunized cattle, sheep, and goats produce 
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an effective serum for their respective species, but practical im¬ 
munization has not been established. The supposition of Eding- 
ton that the disease is identical with horse sickness is consid¬ 
ered by Theiler as incorrect, as horse sickness can be transmitted 
artificially only to horses. (Hutyra and Marek.) 

Control measures for heartwater. —Control measures for 
heartwater consist in prevention by the eradication of the tick 
that transmits the rickettsia. 
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TSUTSUGAMUSHI: JAPANESE FLOOD FEVER 

Definition. —Tsutsugamushi disease is a specific, infectious 
disease distributed along the course of the large rivers in Japan, 
and characterized by fever, chills, tenderness and swelling of 
the lymph glands, and a generalized cutaneous eruption. The 
disease is transmitted by a mite known locally as akamushi. 
This disease has been thought to be due to a filterable virus, and 
there is some evidence that it is caused by a rickettsia. 

History.— “Tsutsugamushi” signifies “dangerous bug” and 
according to Eawamura (l) it was spoken of in a Chinese medical 
book written in the Sei era, in the sixth century, as a “sand- 
louse.” In “Honso Komoku” Lishiting in the sixteenth century 
wrote— 

The sand-louse is found along river banks during the summer. It is 
tiny, not easily discerned as the tip of a hair, and is red. If one walk 
along the river hank, or through weeds, or bathe in the water in the 
morning or evening, after a rain, the mites will attach themselves to 
one’s skin and bore into it. It becomes reddened, and if one rub the 
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reddened area with the hand, there is a sharp pain, like the pricking 
of a needle. Within three days all the joints become painful, chills and 
fever appear, and pox form where the skin was red. 

The disease was undoubtedly present in China in former times 
but is no longer found there. 

The disease was first described scientifically in 1878 by Balz 
and Kawakami(2) who studied the disease in Japan and named 
it “river fever” or “flood fever.” In 1908 the disease assumed 
epidemic proportions in the eastern part of Formosa, and was 
definitely identified by Hatori(3) in 1914 as tsutsugamushi dis¬ 
ease. In 1920 Kawamura demonstrated that the disease in 
Formosa is identical with the disease as it occurs in Japan. 
Similar diseases have been described by Schuffner(4) in Suma¬ 
tra; by Ashburn and Craig(5) in the Philippines; by Dowden(6) 
in the Malay Peninsula; and by Smith in Mossman, North 
Queensland. Whether these reports represent true instances of 
tsutsugamushi is not definitely known. Such names as “Deli 
pseudotyphoid” and “atypical tsutsugamushi” have been applied 
to these conditions which simulate true tsutsugamushi. 

Distribution .—According to Kawamura, tsutsugamushi is 
found in the flood basins of the large rivers of Japan. This 
author states— 

In Niigata prefecture there are three localities along the Shinano and 
Akano rivers; in Akita prefecture one along the Omono river; and in 
Yamagata prefecture one along the Mogami river. While the disease 
occurs in the flood districts of certain rivers, it does not in those of 
others. It is found chiefly in Niigata prefecture. In Formosa it occurs 
not only along the rivers, but also in forest and reclaimed land. 

The virus of tsutsugamushi .—KitasatoCD in 1893 described 
a small body in the red corpuscles of a patient suffering from 
tsutsugamushi that he thought was a plasmodium. This could 
not be confirmed by other investigators. In 1904 Tanaka, (8) 
who had previously thought the disease to be caused by a pro¬ 
tozoan, claimed to have identified a proteus at the site of the 
insect bites. Later this author stated that he believed the 
disease was caused by the toxin of the mite akamushi. Ogata 
and Ishiwara(9) in 1905 claimed to have found an amoeboid pro¬ 
tozoan in both patients and cadavers, and in the following year 
stated that their organism was a sporozoan for which they were 
able to produce an immune serum. In 1910 these authors de¬ 
scribed the life cycle of this parasite and named it “Gregarim 
tsutsugamushi.” Later Ogata stated that he believed the para- 
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site was not a protozoan but a schizomycete. Hayashi(iO) in 
1908 described rod-shaped, spheroidal, and ring-shaped bodies in 
the blood cells and tissue around the site of the akamushi bite, 
and in subsequent publications states that these bodies are pro¬ 
tozoans similar to Theileria parva-, the cause of coast fever in 
cattle which is prevalent in East Africa. He has named these 
bodies Theileria tsutsugamushi. 

Kitashima and Miyajima(H) have described small spherical 
bodies in the akamushi that parasitize field rats. These bodies 
are also found in the pupse and larvae. In 1917 these authors 
found certain granular bodies in the akamushi, and on the sur¬ 
face of agar cultures that they designate akamushi bodies. Ac¬ 
cording to Kawamura these akamushi bodies are undoubtedly 
yeast cells. 

In 1917 Nagayo, Miyakawa, Imbamura, and Tamiya(i2) cul¬ 
tivated a bacterium from an infected monkey which when in¬ 
jected into susceptible monkeys produced tsutsugamushi disease. 
Agglutination tests with this bacterium however were negative. 
Ishiwara and Ogata, Jr. (13) demonstrated small, round organ¬ 
isms in the lymph nodes, spleen, heart, and in monkeys having 
the disease, which they were able to cultivate. Later, in 1924, 
Nagayo found short rod-shaped bodies resembling rickettsise 
that stained with azure II but did not stain by Giemsa’s method. 
Sellards (14) in 1923 infected a monkey with tsutsugamushi 
material and cultivated an organism which resembles Rickettsia 
nipponica. Kawamura points out that— 

It is, however, strange that the inoculation of these cultures into his 
(Sellards) animals brings about hemorrhagic conditions never observed 
in our series of several thousand experiments. Furthermore the results 
he (Sellards) obtained in the monkey were insufficiently striking to prove 
that he had isolated the true causative agent of tsutsugamushi disease. 

The virus of tsutsugamushi disease is present in the lymph 
nodes and in the blood stream of infected monkeys. The virus 
tends to disappear during convalescence. One one-hundredth 
cubic centimeter of infected blood is sufficient to infect a suscep¬ 
tible monkey, and in certain cases 0.001 cubic centimeter may be 
sufficient to induce the disease. The virus passes through a Ber- 
kefeld .filter, and blood so filtered is capable of inducing the 
infection. The virus apparently will not pass through a por¬ 
celain filter. Serum after clotting of infected blood does produce 
the disease. Centrifugation of infected blood plasma for one- 
half hour at 2,000 to 3,000 revolutions per minute does not 
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completely remove the infectious agent. Kawamura has been 
unable to wash red cells from infected blood free of the infec¬ 
tious agent, arid he believes that the infectious agent is closely 
attached to the formed elements of the blood. From his ex¬ 
periments he concludes that the infectious agent is not related 
to blood platelets, and severer symptoms were obtained with 
washed leucocytes than with washed red blood cells. He states 
that “when the number of leucocytes is so adjusted that it cor¬ 
responds to the number of leucocytes in a measured amount of 
blood, the degree of illness produced in either case will be about 
the same.” Tsutsugamushi disease appears to be similar to 
typhus fever in some respects, but in typhus fever the infectious 
agent is apparently found in the blood corpuscles while this is 
not true in flood fever. 

The causative agent in flood fever is not present in the vesicles 
produced upon patients with blistering plasters; it is not pres¬ 
ent in spinal fluid or urine from cases of the disease or in the 
foetal blood from infected mothers. The virus of flood fever is 
destroyed by heating for ten minutes at 55° C.; it remains 
viable at 25° C. for one week; it is viable from three to five 
days at 37° C.; ’drying for twelve hours destroys its infeetivity; 
it is destroyed by pure glycerol, 1 per cent mercuric chloride, 1 
per cent phenol, and 2 per cent potassium hydroxide. Bile and 
ascitic fluid also apparently affect the virus, especially after 
a short incubation in these mixtures. Distilled-water mixtures 
with infected blood also attenuate or destroy the virus after 
twelve hours incubation at 25° C. 

It is said that the virus of tsutsugamushi will remain viable 
for a time in the blood of infected guinea pigs, but these animals 
exhibit no symptoms of the disease. 

Monkeys are easily infected with tsutsugamushi virus and 
have a definite incubation period ranging from six to thirteen 
days. The infected animal presents a typical fever curve and 
a marked leukopenia. Furthermore, the monkey develops an im¬ 
munity to the disease. Artificially produced acites in infected 
monkeys contain the virus which when introduced into other 
susceptible monkeys induces the disease. 

Jncubation period .—The incubation period of tsutsugamushi 
fever ranges from four to seven days. In some cases the dis¬ 
ease develops within three days following infection, while in 
others the incubation period has extended to twelve 'days. In 
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monkeys the incubation period ranges between six and thii teen 
days. 

Symptoms.—In the early stages of the disease cases of tsu- 
tsugamushi exhibit general malaise, headache, a feeling of op¬ 
pression, anorexia, insomnia, and, according to Kawamura, pho- 
topsia. Some cases may show dizziness, pain in the joints, and 
epistaxis. There are fever, chills, and constipation. Tender¬ 
ness and swelling of the lymph glands are characteristic of the 
disease. Skin necrosis and crusts are noted. These occur at 
the site of the invasion and are thought to be due to the secretion 
of the akamushi. The rash reaches its full development in 
from three to five days and consists of both macules and papules. 
It is generalized over the entire body and is neither itching nor 
painful. The eruption lasts from five to nine days and facies 
gradually, or rapidly in some cases, leaving no trace, while in 
others it may leave brownish spots or crusts. The mortality 
ranges between 10 and 60 per cent. 

Animals susceptible to tsutsugamushi virus. —Man appears to 
be the natural host for this virus. Monkeys may be infected 
experimentally. 

Immunity.—Om attack of tsutsugamushi confers some im¬ 
munity, but the disease may be contracted more than once. 
The second attack is usually mild though in some cases the 
second attack may be as severe as the first or even more marked. 
Monkeys become immune following artificial infection. Com¬ 
plement-fixation studies have been unsatisfactory, and Wasser- 
mann tests performed on cases of this 'disease in which syphilis 
could be ruled out have been negative. The Weil-Felix reaction 
in tsutsugamushi is negative. 

Pathology. —There are no specific visceral changes in tsutsu¬ 
gamushi disease. There are general signs of septicaemia which 
somewhat resemble those of typhoid. The spleen and liver are 
swollen, and there is cloudy swelling in the parenchymatous 
organs and cellular necrosis. There is also an increase in the 
reticular-endothelial elements. In some cases haemorrhagic 
changes are found in the lungs. There is no marked change 
in the pancreas, thyroid, or reproductive glands. 

Control measures. —Since the disease is transmitted to man 
by the bite of the akamushi the eradication of this mite is essen¬ 
tial for the control of the disease. The bodies of men working 
in infested districts should be sprayed with 1:100 “Desin” or 
neosol three times a day. (Kawamura.) Protective suits that 
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cover the entire body except the eyes have also been devised in 
an effort to protect men in infested areas. 
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ILLUSTRATIONS 
Plate 24 

FIG. 1. Rickettsia prowazeM, from gut contents of louse. (After Typhus 
Research Commission of the League of Red Cross Societies to 
Poland.) 

2, Rickettsia prowazeM, showing swollen and vacuolated epithelial 
cells packed with granular rickettslse. (After Typhus Research 
Commission of the League of Red Cross Societies to Poland.) 

Plate 25 

Section showing swollen and vacuolated epithelial cells of midgut filled 
with Rickettsia prowazeM . The lumen of the gut infected with 
larger, more deeply staining rickettsiae. These, like the orga¬ 
nisms which cover the cuticular border of the gut cells, are 
Rickettsia pediciill (After Typhus Research Commission of the 
League of Red Gross Societies to Poland.) 
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Plate 26 

Section of skin (low power). From a case of Mexican typhus showing 
the proliferative lesions, “typhus nodules/’ and a cross section 
of an artery with a thrombus. (After Typhus Research Com¬ 
mission, of the League of Red Cross Societies to Poland.) 

Plate 27 

Fig. 1. Trench fever. Dressing of volunteer after removal of the cell 
itself, without cleaning. Note the soiling of the skin with louse 
excrement, especially at the distal border of thet cell and about 
the ulcerated area. (After the Trench Fever Report of Com¬ 
mission, Medical Research Committee, American Red Cross.) 

2. Trench fever. Feeding by the box ; method; higher up is seen the 
circular impression left by the rim of the box and the macular 
eruption within it caused by the recent bites of lice; encrusted 
papules resulting from previous feedings are also present. (Af¬ 
ter the Trench Fever Report of Commission, Medical Research 
Committee, American Red Cross.) 

Plate 28 

Fig. 1. Heartwater. Kidney showing large blood vessel with engorged 
endothelial cells in which the microorganisms, Rickettsia ru- 
mmantium, are arranged in characteristic clumps. (After 
Cowdry.) 

2. Spleen showing swollen endothelial cell containing mass of micro¬ 
organisms, Rickettsia ruminantium, embedded in chromophobic 
cytoplasm. (After Cowdry.) 

Plate 29 

Fig. 1. Tsutsugamushi fever. Eruption in a woman of 22, taken six 
days after onset. (After Kawamura.) 

2. Tsutsugamushi fever. Sketch of eruption on the arm of a man 
of 30. (After Kawamura.) 

Plate 30 

Fig. 1. Tsutsugamushi fever (human case). Bite lesion with the aka- 
mushi in situ, sucking organ evident. (After Kawamura.) 

2. Tsutsugamushi fever. Micro-organisms cultivated from animals in¬ 
fected with tsutsugamushi virus. (After Sellards.) 

Plate 31 

Fig, 1. Tsutsugamushi fever (human case). There is so much cellular 
infiltration near the bite wound that this paay be considered a 
bite of an infected akamushi, or a primary lesion of the disease. 
(Photomicrograph by Kawamura.) 

, 2. Tsutsugamushi fever. Men, protected by vermin-proof splits, catch- 

big field voles. (After Kawamura.) 
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Fig. 1. From gut contents of louse. 2, Showing swollen and vacuolated epithelial cells 
packed with granular rickettsi*. 


PLATE 24. RICKETTSIA PROWAZEKS 
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PLATE 26. SECTION OF SKIM (LOW POWER). FROM A CASE OF MEXICAN TYPHUS 
SHOWING THE PROLIFERATIVE LESIONS, “TYPHUS NODULES,” AND A CROSS SECTION 
OF AN ARTERY WITH A THROMBUS. 





Fig. 1. Dressing of volunteer after removal of the cell Itself, without cleaning. 
2. Feeding by the box method. 

PLATE 27. TRENCH FEVER. 



















'v ;vv : .v 

; ' ;■ 

‘ 

. . •■■■■. i 


H \\i ■ 


McKinley: Filterable Virus Diseases. 


I 


Fig. 1. Eruption in a woman of 22, six days after onset. 2. Sketch of eruption on the arm 

of a man of 30. 


PLATE 29. TSUTSUGAMUSHi FEVER. 
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Fig. 1. Human case. Bite lesson with the akamushi in situ. 2. Microorganisms cultivated 
from animals infected with tsutsugamushs virus. 


PLATE 30. TSUTSUGAMUSHi FEVER. 






Fig. 1. Tsutsugamushi fever (human case). 2. Men, protected by vermin-proof suits, catching 

field voles. 


PLATE 31. 






Chapter XI 


FILTERABLE VIRUS DISEASES OF FOWLS 
LEUKEMIA OP CHICKENS 

Definition .—Leukemia of chickens is an infectious disease of 
chickens that affects the blood-forming organs. It is character¬ 
ized by a marked increase of the myeloid tissue in the liver and 
atrophy of the tissues of the bone marrow. There may be a 
diminished number of red blood cells and an increase of white 
corpuscles in the circulating blood. 

History .—Ellermann and Bang(i) first recognized and studied 
this disease. The leukemia described in chickens by Moore (2) 
in 1896 was apparently due to B. sangidnarium and represented 
an acute infectious disease with a hyperleucocytosis. Hirsch- 
feld and Jacob (3) had made a clinical study of leukemia in chick¬ 
ens in 1907, and their work was further extended by Skiba(4) 
in 1909. It was thought by Burckhardt(o) in 1912 that chicken 
leukemia was merely a chronic and progressive form of avian 
tuberculosis. The disease was first described in Denmark and 
has also been reported in parts of Germany. (Eber<6) and 
Gohre.(T)) 

The virus of chicken leukemia .—Very little is known con¬ 
cerning the virus of this disease. It was demonstrated by Eller¬ 
mann and Bang that the cell-free filtrates from organ emulsions 
are capable of transmitting the disease and for this reason it 
has been classified with the filterable virus diseases. How¬ 
ever, Hirschfeld and Jacob, and Burckhardt were unable to dem¬ 
onstrate the filterability of this virus through Berkefeld filters. 
The virus is present in the spleen, liver, and bone marrow. 
Ellermann and Bang observed bodies resembling protozoans in 
the bone-marrow, while Hirschfeld and Jacob found in the tissues 
of infected fowls a long bacillus, which upon injection into 
healthy chickens caused a mild ansemia associated with lympho¬ 
cytosis. 

The disease may be transmitted to chickens by intravenous 
or intraperitoneal injections of infected organs. Subcutaneous 
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injections are negative. Fowls other than chickens are not sus¬ 
ceptible. Guinea pigs are not susceptible to the virus. 

Incubation period .—The period of incubation varies consid¬ 
erably and may range from one to two months. Only about 40 
per cent of inoculated fowls become affected, and only about 
one-half of these develop a typical leukemia while the others show 
a pseudoleukemia. 

Symptoms .—Skiba regards leukemia in chickens as a disease 
entirely different from leukemia in man. It has already been 
mentioned that Burckhardt considers the disease as a slow- 
developing and progressive tuberculosis. This author considers 
the large mononuclear cells as advanced stages of the erythro¬ 
cytes. The striking changes found in affected fowls is the 
marked enlargement of the liver and spleen. Whatever the 
nature of the virus there is undoubtedly produced a great in¬ 
crease in the development of white blood cells in the bone- 
marrow, liver, and spleen, and frequently in other organs. In 
some cases lymphatic nodules have been described in the blood- 
forming organs which ‘develop into lymphomas, while in other 
cases the accumulation of lymphoid cells in the capillaries is so 
great that it leads to occlusion of the vessels. Rarely tumors 
consisting of myelocytes appear in different parts of the body, 
and in these cases there is no leukemic alteration of the blood. 
These cases are similar to true myeloblastic leukemia with leu- 
costasis. Other cases may show only a leucostasis in the liver 
and bone-marrow with an infiltration of the splenic pulp, di¬ 
minished formation of red blood cells, and increased mononuclear 
leucocytes with few myelocytes in the blood. The disease may 
last for several months but usually runs its course in one to two 
weeks. Spontaneous recoveries are exceedingly rare, and death 
may result at any time during the disease. 

Fowls susceptible to leukemia .—The disease is limited to chick¬ 
ens. 

Immunity in chicken leukemia.—The fact that only about 40 
per cent of inoculated fowls develop symptoms of the disease 
indicates that a high grade of natural immunity exists. How¬ 
ever, this is all that can be said on the subject of immunity in 
this condition. It Is not definitely known if one attack of the 
disease produces an Immunity because so few recoveries have 
been noted. 

Pathology ,—The enlargement of the liver and spleen has been 
referred to. The liver has been known to weigh 300 grams in 
cases described by Ellermann. The outer surface and the cut 
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surface of the liver present white flecks about the size of small 
peas. These changes may also be noted in the kidney, while the 
spleen is enlarged and red in color. Small lymphomas are also 
found in the skin and liver in some cases. The color index of the 
blood is usually high, being over 1 or 1.5. During the course of 
the disease severe bleedings may occur as a result of the haemor¬ 
rhagic diathesis. This has been noted in wounds of the comb. 
The leukemic picture in the blood develops suddenly and may not 
be noted during the life of the bird. The white blood cells are in¬ 
creased from 30,000 to 600,000. The proportion between the 
white blood cells and the red blood cells may be as high as 1: 250. 
A typical blood picture is as follows: Polynuclear cells, 4 per 
cent (1 to 10 per cent); transition cells, 51 per cent (40 to 60 
per cent); myelocytes, 19 per cent (10 to 20 per cent); lympho¬ 
cytes, 26 per cent. In one case Ellermann found 91 per cent 
to be lymphocytes. This is known as the lymphatic form of the 
disease. 

Control measures. —Isolation of infected fowls and quarantine 
of healthy fowls brought into an infected area are indicated, 
though such measures frequently, because of the long period 
of incubation and duration of the disease in some fowls, do not 
at once terminate the spread of the disease. Arsenic and Ront- 
gen-ray treatments have been tried, the former with recovery 
in one case which of course means little, the latter without effect 
on the course of the disease. 
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FOWL POX AND AVIAN DIPHTHERIA 

Chicken pox and Epithelioma contagiosum 

Definition .—In the past avian diphtheria (epithelioma conta¬ 
giosum) has been considered a contagious, epizootic disease of 
fowls, characterized by diphtheritic pseudomembranes on the 
mucous membranes of the head. 
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Fowl pox (chicken pox) has been considered a contagious, 
epizootic disease of fowls in which epithelial nodules appear upon 
the skin, especially on the comb and wattles, and in some cases, 
superimposed upon this picture, pseudodiphtheritic membranes 
appear upon the mucous membranes of the head. 

The occurrence of a diphtheritic condition in both of these 
conditions led investigators to consider the possibility that per¬ 
haps they were dealing with only one disease and that the 
disease manifests itself in these two forms. Other investigators 
have pointed out the similarity of the lesions of fowl pox with 
the lesions of molluscum in man. 

Since the question of identity of these diseases has not been 
fully settled, but because strong experimental evidence has been 
advanced to prove their unity, both forms of the disease (or 
both diseases) will be described in this review. 

History .—Since the early work of Bollinger (1) in 1873 and of 
Rivolta(2) in 1881, avian diphtheria and fowl pox have been 
thought to be due to protozoans. In the case of avian diph¬ 
theria the flagellate Cercomonas gallium was thought to be 
the cause, while in pox gregarines were thought to be the etio¬ 
logical agent. In 1884 LoefHer(B) in his studies on diphtheria 
in pigeons isolated a bacillus which he thought was the cause 
of the disease and which he named B. cliphtherise columbarum. 
Other investigators of the time found a similar organism in 
diphtheria of chickens. In 1894 Loir and Ducloux(4) discribed 
an ovoid bacillus as the cause of the disease. Muller (5) in 1906 
reported cases in which he found a corynebacillus which was 
similar to the human diphtheria organism. As a result of these 
varied discoveries the belief became prevalent that avian diph¬ 
theria might be due to two or more organisms. 

In 1902-03 Marx and Sticker(6) demonstrated that the virus 
of fowl pox was filterable through a porcelain filter. This was 
soon confirmed by Borrel,(7) Lowenthal, (S) and Burnet. (9) 

Following these experiments, which demonstrated the filtera- 
bility of the fowl-pox virus, great interest was manifested in 
the subject arid experimental work was quickly advanced leading 
to grave doubts that the etiology of the two diseases was 
different. 

In 1908 Carnwatch (10) produced in fowls a diphtheritic con¬ 
dition from pure fowl-pox material and also demonstrated that 
the diphtheritic material from his infected fowls produced chick¬ 
en pox. These results were doubted by Bordet and Fally(il) 
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but were confirmed by Schmidt, (12) Uhlenhuth and Manteu- 
fel,(i3) and Ratz.(i4) However, Bordet has contended that 
chicken diphtheria, in some cases, differs from chicken pox and 
is caused by a different agent. 

Writing in 1926, Findlay and Ludford(l5) state that in their 
opinion fowl pox has nothing in common with epithelioma eon- 
tagiosum or with moluseum in man. On the other hand, they 
believe that the virus of fowl pox, if not identical, is closely 
related to the virus of vaccinia and their experiments are based 
upon cytologieal studies. The virus used in their experiments 
was obtained from a spontaneous epidemic of fowl pox. 

Distribution .—Both fowl pox and avian diphtheria occur in 
various parts of the world. Both conditions have been reported 
in sections of the United States and in Europe and Asia. In 
Italy and Tunis the diphtheritic condition occurs most frequently 
and with greater virulence. 

Incubation period .—In both conditions the incubation period 
is usually from six to twelve days. Slight variations from this 
may occur in different epidemics. 

Symptoms .—The clinical picture varies with the form of the 
disease. In some epidemics the affection may involve only the 
skin or the mucous membranes, while in other epidemics both 
are involved. 

When the skin alone is involved the condition is spoken of as 
chicken pox. In this form of the disease the skin of the head 
is first involved. At first a fine, branlike, gray deposit develops 
on the comb, ears, and wattles, and on parts of the body where 
the feathers are absent. These initial lesions soon develop into 
small nodules. These are at first reddish gray but later become 
grayish yellow. Later they become brown, dry, and firm, and 
their surface is warty. They contain horny or fatty degenerated 
epithelial cells. They may coalesce and bleed, and thick scabs 
may form over their surface. The margins of the nasal orifices 
and the eyelids become thickened, and the eyes remain shut. 
Should the conjunctiva become involved a panophthalmitis may 
develop. Nodules may also develop on the mucous membranes 
of the mouth and throat or on other parts of the body. When 
the lesions are confined to the skin the general condition remains 
good, but when widely disseminated marked loss in weight re¬ 
sults. Aberrant forms of the disease are said to occur in which 
there is a marked febrile reaction and the lesions develop into 
pustules. 
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In the diphtheritic form there is usually no marked general 
disturbance. The condition usually begins in the mouth with 
the formation of a mucous membrane. This may result from 
scattered small yellowish-white areas or the first changes in the 
mucous membrane may be a change in color to a dark red 
which is soon followed by a gray deposit which leads to mem¬ 
brane formation. The membranes are usually adherent and 
leave a bleeding surface when they are torn away. The surface 
beneath is red and finally granulated. 

The tissue surrounding the membrane is swollen and (ede¬ 
matous and may become membranous later in the course of the 
disease. The inflammatory process may extend to the larynx 
and on to the trachea and bronchi. Respiration and swallow¬ 
ing become very difficult, and inspiration is characterized by a 
whistling noise. Finally the appetite is lost, the animal can 
neither eat nor drink, and must be fed by hand. 

The nasal cavity becomes involved, and there is a serous dis¬ 
charge which soon becomes mucopurulent. The lacrimal canal 
becomes blocked, the whole head becomes swollen, and the eyes 
shut. Later both the sclera and the cornea may be involved 
in the process. Also in the later stages of the disease the in¬ 
testinal tract may become affected and there is diarrhoea which 
is sometimes streaked with blood and pus. 

In some cases both chicken pox and the diphtheritic process 
are present at the same time or at different stages of the disease. 
This has been called the mixed form. In such cases the symp¬ 
toms of both forms of the disease are present. 

The disease is most acute as it occurs in Algeria and Cuba. 
In acute cases the animals undergo rapid exhaustion and die 
within a short time. 

Where the disease is confined to the skin the course is usually 
favorable and runs about three to five weeks. In few cases the 
disease is prolonged for several months. The diphtheritic con¬ 
dition is less favorable, the mortality being from 50 to 70 per 
cent. The acute form mentioned above usually ends fatally 
within four to eight days. 

Fowls susceptible to fowl pox and avian diphtheria. —Both 
conditions occur in chickens, turkeys, pheasants, peacocks, pi¬ 
geons, and less commonly in water fowls. 

The virus of fowl pox and avian diphtheria .—Reference has 
already been made to the original ideas of early workers that 
the cause of fowl pox and avian diphtheria Was a protozoan. 
These bodies, then spoken of as gregarine parasites, are now 
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known to represent cell inclusions. While the bacterial forms 
which have been described cannot be entirely dismissed from 
consideration, there seems to be a general agreement that they 
may be considered as secondary invaders or that they are the 
cause of disease processes which closely resemble avian diph¬ 
theria and for that reason have resulted in much confusion re¬ 
garding the etiological agents concerned in these two conditions. 

It is known, for example, that Berkefeld filtrates of epithelioma 
masses or of the diphtheritic membranes produce in fowls epi¬ 
theliomas on the skin as well as diphtheritic membranes on the 
mucous membranes of the mouth. For this reason it seems to 
be well established that both conditions are caused by filterable 
agents. The inclusion bodies or “chicken pox bodies” that are 
found in the epithelial cells have been designated Chlamydozoa 
by Prowazek,(i6) and Strongyloplasma by Lipschutz.fi?) Emul¬ 
sions of epitheliomas as well as the filtrates from them, contain 
small, spherical, nonmotile bodies, 0.25 micron in size, that 
stain with Giemsa’s, with Loeffler’s flagella stain, and with 
Ziehl's fuchsin. Prowazek believes these small bodies may 
penetrate the epithelial cells and there produce reaction products 
which result in the so-called cellular inclosures, or pox bodies. 
The theory has also been advanced that the pox bodies are 
thrown off by the nucleus of the cell and that the disease is due 
to a toxin thrown off by the epithelial cell. 

Bordet * has reported the cultivation of small granules which 
measure about 0.2 micron, from diphtheritic material, on his 
blood-glycerin-potato agar. With these cultures he produced 
diphtheritic membranes in chickens, but his virus did not pro¬ 
duce epithelioma on the skin. These results were not confirmed 
by Lipschutz nor by Burnet. 

The virus as contained in the epithelial nodules is very resist¬ 
ant to drying and to the action of the sunlight. Heating to 
60° C. destroys it in about three hours, and freezing to —12° C. 
destroys it in about five weeks. One per cent phenol has no 
effect upon the virus. The virus is preserved in glycerin for 
an indefinite length of time. 

Experimental pox lesions are produced on the skin by rubbing 
the material from pulverized nodules into the skin of healthy 
animals. The incubation period in this form of infection is 

* Doctor Bordet informed the author in August, 1928, in a personal 
interview that he now believes the microbe he was working with was the 
moerobe of coryza contagiosa and not the incitant of fowl diphtheria' as 
he previously thought. 
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about five or six days. Filtrates of such material also produce 
lesions but the incubation period is longer, usually eight to ten 
days. Pox lesions may also be produced upon the skin follow¬ 
ing intravenous injection of infected material. Burnet produced 
lesions on the skin by feeding scabs from infected animals. 
The virus is present in the blood stream early in the course of 
the disease since lesions have been produced by employing liver 
for the purpose of infection. 

The virus of chicken pox and the virus of cow pox have sev¬ 
eral things in common. Both occur in the skin lesions, both are 
filterable, both are dermotropic and resistant to glycerin. Ex¬ 
periments have been advanced to prove that vaccine virus 
produces a local immunity in chickens to chicken-pox virus, but 
the work of Toth indicates that this is not true since vaccine 
virus, according to his experiments, immunizes only to vaccine 
virus and not to chicken-pox virus. 

Close relation between avian diphtheria and diphtheria in 
man has been said to exist. Loir and Ducloux have found the 
same organism in the pseudomembrane from a child suffering 
with diphtheria that they found in the membranes of fowls; 
and the pesudodiphtheria bacillus, which is believed to be an 
avirulent form of the true diphtheria bacillus, has been found in 
birds by Gratia and Lienaux.(i8) However, even though there 
may be a close relation between some of these organisms as they 
are found in fowls and the true diphtheria bacillus found in 
man, there is no case on record of the transmission of diph¬ 
theria from man to animals or vice versa. 

It is possible to produce a diphtheritic inflammation on the 
tracheal mucous membranes in pigeons and chickens with true 
diphtheria toxin, but the condition so produced is not clinically 
the same picture as natural infection with the virus of avian 
diphtheria. Pox lesions have not been produced with such toxin. 

Streit(l9) in 1904 described the “Roupbacillus” as the causa¬ 
tive organism in an affection of fowls which occurs in America 
and is known as American roup. This disease is clinically 
identical with chicken diphtheria and the roupbacillus is very 
similar to B. pyocyaneus. 

In view of the various bacterial forms which have been de¬ 
scribed for this disease, several explanations present themselves. 
First, the bacterial forms that have been described that include 
the Klebs-Loeffler bacillus, the bacillus diphtheritica columbarum, 
the roupbacillus, the chicken-diphtheria bacillus of Muller, and 
the colonlike bacillus of Hausser,(20) all may represent secondary 
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invaders which aggravate the condition by lowering the resist¬ 
ance of animals, and themselves produce pathology which con¬ 
fuses the true picture of the disease. An analogy of this may 
be found in hog cholera where B. suipestifer frequently ac¬ 
companies the hog-cholera virus. Second, these bacteria may 
alone produce conditions in susceptible fowls which closely 
simulate true fowl diphtheria. Finally, one of them, such as 
the organism described by Bordet, may in time be proved to be 
the actual virus causing the disease. This is suggested on ac¬ 
count of its minute size and on what is definitely known con¬ 
cerning the filterability of the virus of chicken pox and of chicken 
diphtheria. 

Immunity in chicken pox and chicken diphtheria. —Carnwath, 
and Uhlenhuth and Manteufel have demonstrated that a skin 
immunity to chicken-pox virus can be produced by producing 
an affection of the mucous membrane with diphtheria material. 
This was confirmed by Sigwart.(2i) Haring and Kofoid(22) 
are said to have produced immunity in chickens with pox virus 
against diphtheria. The relation of vaccine virus to chicken- 
pox virus has already been mentioned. One attack of chicken 
pox or fowl diphtheria produces a lasting immunity. Chickens 
may be immunized successfully by vaccination with pox material 
on the scarified skin. Serum from highly immunized fowls pos¬ 
sesses no preventive or curative value. Manteufel has produced 
immunity in chickens by intravenous injection of lymph vaccine, 
such protection lasting about two years. 

Pathology. —The changes found after death in fowls which 
have died of the mixed form of the disease are chiefly in the 
skin, the mucous membranes of the upper respiratory passages, 
the mucous membranes of the trachea and bronchi, cedema of 
the lungs, and fibrinous membranes on the serous coats. The 
spleen and liver may show fine yellowish spots and the intestinal 
mucosa is frequently the sight of inflammatory changes and 
small extravasations of blood. The changes in the eye depend 
entirely upon the extent of the involvement of this organ. 

Control measures. —Isolation of diseased birds is the chief 
method of control and prevention. Preventive inoculation may 
be employed if the epidemic warrants this procedure. 
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FOWL PLAGUE 

Pestis gallinarum, Typhus exsudativus gallinarum; Peritonitis epi- 
zootica, Kyanalophiaea; Peste aviaire (French) ; Geflugelfest 
(German) 

Definition. —Fowl plague, or fowl pest, is an acute, infectious, 
contagious affection of fowls characterized by petechial hsernor- 
rhages disseminated throughout the body and by symptoms 
which strongly resemble those of fowl cholera. 

History .— Fowl pest was first described in 1878 but has ap¬ 
peared in serious epidemics only since 1894. In that year it 
appeared in northern Italy and spread to Germany. Later it 
spread to Tyrol, France, and Belgium, and to the United States 
in 1924. 

Distribution. —Fowl plague is found in the European countries 
Italy, Germany, France, and Belgium. It has been endemic in 
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the United States, where the disease differs from the European 
form only in the species of fowl most affected. It did not 
appear in the United States until 1924, though it had been 
reported prior to that date in South America in Argentine and 
Brazil. 

Incubation period. —The incubation period in natural infec¬ 
tion ranges from two to five days and in some cases may he 
prolonged to the seventh day. In artificial infection death fre¬ 
quently results within thirty-six to forty-eight hours. 

Symptoms. —The affection usually begins with depression and 
a loss of. appetite. Later the animal become oblivious to its 
surroundings, is stuporous, dull, and sleepy. The comb and 
wattles become blackish red (kyanolopisea), the skin becomes 
scaly, the eyes closed, and the conjunctiva congested, swollen, 
and inflamed. There is a mucous secretion from the nose and 
throat, and haemorrhagic spots may be noted on the mucous 
membranes. There may be an associated diarrhcea, and the 
fever may reach 44° C. or more. The disease usually runs its 
course in two to four days but may last for a week or more. It 
is usually fatal. 

Aberrant forms of the disease have been described in which 
diphtheritic membranes are formed in the throat, and in other 
cases there are pronounced nervous symptoms which result in 
paralysis. 

Fowls susceptible to fowl-pest virus. —Chickens, turkeys, 
pheasants, sparrows, blackbirds, sparrow hawks, owls, and par¬ 
rots are susceptible to fowl plague. It is said that water fowls 
and pigeons are resistant to natural infection but are sometimes 
susceptible to artificial infection. The disease as it occurs in 
the United States is apparently not pathogenic for ducks, geese, 
or pigeons. Rosenthal (1) and Schiffmann, (2) however, claim 
to have established the disease in geese. 

The virus of fowl pest. —In 1901 the virus of fowl plague was 
found by Centanni and Savonuzzi to pass through a porcelain 
filter. This has been confirmed repeatedly since then, and there 
is no reason to suppose that the etiological agent of this disease 
is any other than a filterable virus. The virus is present in the 
blood stream early in the course of the disease. It is also pre¬ 
sent in the nasal secretions, in the bile, and in the exudate of 
the serous cavities. Filtrates of these fluids are also virulent. 

Landsteiner(3) states that the virus is adherent to the blood 
cells and can be cultivated up to the tenth generation by placing 
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defibrinated blood upon agar plates. Rosenthal, Kleine, (4) and 
Schiffmann have all described small ring-shaped bodies inside 
and outside the brain cells. These bodies may also be round or 
oval and their true nature has not been determined. Prowa- 
zek(5) did not confirm these findings but describes in the brain 
tissues small dumb-bell-shaped forms which measure about 1 
to 1.5 microns in size. These forms frequently lie close to 
the red bloo'd cells, and are also demonstrable in filtrates of mate¬ 
rial known to contain the virus. Prowazek classes these small 
bodies with the Chalamydozoa, their protozoan nature being 
also indicated by their resistance to glycerin. The virus is be¬ 
lieved to be smaller than haemoglobin molecules since it passes 
through Bechhold’s ultrafilters that do not allow haemoglobin 
to pass. 

The virus is destroyed almost immediately by heating at 65° C. 
It will resist 50° C. for nearly thirty minutes. The virus will 
remain alive in dried tissue for nearly a year, and is pre¬ 
served by glycerin for over a year (Maue(6)). 

Immunity in fowl plague .—One attack of the disease confers 
an immunity to subsequent infection. Kraus and Schiffmann (7) 
report that dried spinal cord from infected geese will protect 
young geese. Geese may be immunized also with virulent spinal 
cord from chickens against a fatal subdural infection. 

Pathology .—To Freese(8) we owe most for the pathological 
anatomy of this disease. In the very acute forms of the disease 
there may be few changes to note at autopsy. Changes most 
frequently found in animals dead of the disease are haemorrhages 
on the inner surface of the breast bone, on the visceral layer of 
the pericardium, on the peritoneum, in the fat tissue of the 
gizzard, and other mucous membranes. The kidney and spleen 
may be hypercemic, and there may be a small amount of cloudy 
fluid in the pericardial sac. 

There is a catarrhal condition of the respiratory tract and of 
the gastrointestinal tract, and frequently small haemorrhages 
are found in the lungs. 

Control measures for fowl plague .—Control measures con¬ 
sist in isolation of affected birds, careful selection of new birds 
which are to be placed with healthy flocks, quarantine of new 
birds coming in, and Careful disposal of the remains of birds that 
have died of the disease. The usual care of the premises is, of 
: '.; ; cbU3fee», indicated.; ;■ -■ 
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ROUS CHICKEN SARCOMATA 

In 1910 RousU) first described a sarcoma of the common fowl 
which is transmissible to other fowls. This sarcoma proved to 
be a spindle-celled tumor both infiltrative and destructive. In 
his first experiments Rous satisfied himself that'the tumor was 
transmissible to other fowls of a closely related stock, and he 
propagated the tumor into its fourth generation. Later, in 
1911, Rous was able to show that this tumor of the fowl was 
extremely malignant and possessed a marked tendency to wide¬ 
spread metastasis. Furthermore, the tumor could be transmit¬ 
ted to barred Plymouth Rock fowls not only by inoculation with 
the tumor material itself but also with Berkefeld filtrates of the 
tumor emulsion. Also it was discovered that the tumor could 
be transmitted to susceptible fowls with dead cells, killed by 
desiccation or by 50 per cent glycerol. In this respect Rous 
chicken sarcoma No. I differs from all mammalian tumors. 
Mammalian tumors have only been transmitted by living cells. 

In 1912, Rous, Murphy, and Tytler reported a second tumor, 
an osteochondrosarcoma, of fowls which they believed to be due 
also to a filterable agent. At the same time a second spindle- 
celled sarcoma differing from the first tumor of this type de¬ 
scribed by Rous was also mentioned. This tumor was also 

242402-20 
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thought to be caused by a filterable agent. These three tumors 
have been designated and described in the literature as 1, 
spindle-celled chicken sarcoma No. I; 2, osteochondrosarcoma of 
chickens, tumor No. VII; and 3, spindle-celled chicken sarcoma 
with blood sinuses, tumor No. XVIII. The last was fully 
described in 1914. 

All of these three tumors have been demonstrated by Rous 
and his associates to be transmissible to other fowls. Berke- 
feld filtrates of each tumor are capable of inducing typical tumor 
formation when inoculated into susceptible fowls. All three 
tumors then have been regarded as being caused by a filterable 
agent. 

Chicken sarcoma No. I, spindle-celled, can be transferred from 
chicken to chicken by tumor emulsion, filtrate of tumor emul¬ 
sion, or by tumor cells which had been killed by drying or by 
50 per cent glycerol. This tumor usually kills its host within 
twenty-eight days. It is prone to metastasize and upon passage 
increases in malignancy. It cannot be transmitted to mammals 
or to any species of bird other than the chicken. When first 
studied sarcoma No. I was highly specific for one closely related 
strain of chickens, and while it still grows more freely in Ply¬ 
mouth Rock hens, it is also transmissible to other breeds of 
chickens. 

Chicken osteochondrosarcoma No. VII when first studied 
was apparently benign but proved malignant after repeated pas¬ 
sage. It is an, entirely different tumor from tumor No. I. This 
tumor is also said to be transmitted with either filtrates of the 
tumor emulsion or with dead tumor cells. 

Chicken sarcoma No. XVIII, spindle-celled with blood sinuses, 
can be transmitted to other fowls with Berkefeld filtrates of the 
tumor emulsion or with the living tumor cells. It cannot be 
transmitted with the dried tumor material. 

Numerous spontaneous tumors of chickens have been de¬ 
scribed, but many of these have resisted transplantation. These 
three tumors which have been described by Rous and his asso¬ 
ciates are all transmissible; the latter two, No. VII and No. 
XVIII, represent only two of about thirty tumors of chickens 
studied by these authors. 

Early in his experiment Rous found that the addition of a 
small amount of infusorial earth, Kieselguhr, to his filtrates 
apparently aided in the development of the tumor. However, 
this is not essential, as shown by protocols where tumors have 
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developed in the presence of the filtrate alone and in the ab¬ 
sence of this substance. 

Each tumor possesses its own characteristic histologic com¬ 
position suggested by its name. For further details of histology 
the reader is referred to the original papers describing these 
growths. 

For many years the chicken sarcomata of Rous were regarded 
as tumor formations caused by filterable agents, possibly fil¬ 
terable viruses. Since the early days of medical science there 
have been those who regard all forms of malignant growth 
(cancers and sarcomata) as being due to parasites (bacteria, 
protozoans, fungi, etc.). This has been known as the parasitic 
theory of the origin of cancer and other malignant neoplasms. 
Opposed to this concept have been those who consider malig¬ 
nancy as being produced by a variety of other causes, such as 
chronic irritation, diet, chemical agents, and hereditary factors. 
The contagiousness of malignant growths has long been a mooted 
question and even to-day remains unsettled. There are few, 
however, who believe in the contagiousness of these tumors. 

The discovery by Rous and his associates of malignant tumors 
in chickens and the evidence adduced by them demonstrating 
that filterable agents were the causative factors led to much 
speculation. Could all malignant growths be due to filterable 
viruses? Are cancers and sarcomata in human beings caused 
by filterable viruses? What of all the statistics on heredity of 
malignancy in human beings, the theories of chronic irritation, 
both mechanical and chemical; what of the theories concerning 
diet and cancer; and of the heredity studies of Maud Slye on 
mouse tumors? 

'In 1925 Gye (2) and Barnard(3) gave new impetus to the study 
of the question in their reports on the origin of cancer. This 
work was based on the early reports of Rous on the chicken 
spindle-celled sarcoma No. I. The report of Gye was startling 
and Still remains to be adequately confirmed by other investi¬ 
gators. This author claimed to have demonstrated that the Rous 
tumor No. I is due to a virus and further that he had succeeded 
in cultivating this virus in vitro. Also Gye reported that he 
was able to transmit mouse sarcoma 37/S with a cell-free fil¬ 
trate; that rat tumors No. 9, a carcinoma, and Jansen’s rat 
sarcoma, mouse carcinoma 63, and a human-breast carcinoma, 
all provide a “factor” which “can replace the virus of the Rous 
tumor in the genesis of a chicken sarcoma.” He believes that 
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the common “factor” in the last four tumors is certainly a virus. 
He also states that the virus “alone” is unable to bring about 
the malignant changes of a cell and that there must be an “ad¬ 
juvant” substance, which he has termed the “specific factor” 
in order to induce the tumor formation. Gye states— 

These researches have led me to look upon cancer—using the term in 
its widest sense—as a specific disease caused by a virus (or group of 
viruses). Under experimental conditions the virus alone is ineffective; a 
second specific factor, obtained from tumor extracts, ruptures the cell de¬ 
fenses and enables the virus to infect. Under natural conditions con¬ 
tinued “irritation” of tissues sets up a state under which infection can 
occur. The connection between the specific factor of a tumor and an 
irritant remains to be investigated. Some of the relatively unimportant 
“irritants” are known, such as coal tar, paraffin oils, etc. The virus prob¬ 
ably lives and multiplies in the cell and provokes the cell to continue 
multiplication. 

Gye claimed to have cultivated the virus of the Rous No. I 
tumor in a rabbit serum KCL broth, Hartley’s broth, to which a 
fragment of chick embryo is added. He states, “the age of the 
embryo used has generally been 12 to 16 days.” The primary 
cultures were incubated in anaerobic jars at 85 to 36° C. for 
four days, after which subcultures were prepared. He has as¬ 
sumed that, following tests of his cultures upon susceptible fowls, 
if growths are obtained with subcultures beyond the fifth pas¬ 
sage multiplication of the virus has taken place. He estimates 
that each subculture represents at least a dilution of the original 
virus one thousand times and calculates that in the fifth pas¬ 
sage multiplication of the virus must have taken place. He es¬ 
timates that each subculture represents at least a dilution of 
the original virus one thousand times and calculates that the 
fifth subculture is a dilution of one thousand billion, or 10 M . 

Barnard’s contribution to the study by Gye of the origin of 
cancer consisted in photographing, by means of ultra-violet 
light, what is considered by these authors to be the actual virus of 
the Rous chicken sarcoma as well as other filterable viruses such 
as the virus of pleuropneumonia, mouse sarcoma 37/S, and 
human carcinoma. The “virus” has the appearance of extreme¬ 
ly minute spheroids. Barnard states— 

Probably no single factor has hindered the cultivation of filterable vi¬ 
ruses so much as the assumption that a culture in broth, for instance, 
ihust become opalescent, or that a growth on solid media must develop 
colonies easily visible to the naked eye. If as we think probable the 
spheroids are an essential part of the life-history of these organisms then, 
owing to their low refractive index, they would require to be present in 
impossibly great numbers to produce evident cloudiness. 
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The criteria assumed by Gye and Barnard for growth of the 
filterable virus do not seem severe enough to us. While most 
investigators will admit that a dilution of one thousand billion 
away from the initial inoculum is exceedingly high, yet it is 
conceivably possible that a few minute cells of the tumor may 
be carried over through each successive subculture. Further¬ 
more, Barnard’s photographs do not convince one that he is ac¬ 
tually looking at photographs of the “virus.” Indeed, Barnard 
himself states, “Unless considerable care is exercised the sphe¬ 
roids may easily be confused with other spherical bodies oc¬ 
curring in most organic fluids.” It will be recalled that Novy 
found his rat virus active in 0.00000000001 of a cubic centimeter 
and conceivably a 1 to 10 dilution of this quantity in certain 
instances, at least, might have proved infective. (See Novy’s 
rat virus, Chapter VII.) 

Since the publications of Gye and Barnard numerous investi¬ 
gators have attempted to repeat their work. While many 
reports have been published, only a few will be mentioned. 
Mueller (4) for instance has been unable to duplicate the work 
of Gye and points out that uncontrollable local and individual 
variations may produce results in occasional chicks which si¬ 
mulate satisfactory experiments, but as he states, when viewed 
as a whole, mean nothing. Mueller concludes that— 

Because of the conflicting nature of results obtained by those who 
have undertaken to repeat the work, and on account of the difficulty of 
controlling all factors involved, we do not feel that it may be stated 
definitely that Gye’s theory of the cause of cancer is wrong. On the other 
hand the theory apparently needs more evidence in its support if it is 
to receive further serious consideration. 

Harkins, Schamberg, and Kolmer (5) have been unable to con¬ 
firm the evidence of growth of the virus of the Rous chicken 
sarcoma in subcultures and find no evidence to support the 
theory that the so-called specific factor acts by reason of the 
presence of a chemical substance. These authors are inclined to 
the view that the specific factor is nothing more than a suspen¬ 
sion of attenuated living virus which may or may not induce 
tumor formation, depending upon the susceptibility of the fowl. 

The specific factor from the Rous sarcoma is obtained, ac¬ 
cording to Gye’s method, by treating the filtrate with chloroform 
which is supposed to kill the virus. In Gye’s experiments tu¬ 
mors were not produced following the injection of the virus 
alone or the specific factor alone. When the two were mixed, 0.5 
cubic centimeter of each, tumors were always produced in about 
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two weeks. Harkins, Sehamberg, and Kolmer are inclined to 
doubt that the infectivity of the specific factor is destroyed when 
prepared according to Gye’s method. Mueller also points out 
the difficulty of preparing suitable chloroform ; filtrates. He 
states that individual filtrates vary considerably and that the 
amount of chloroform employed is an important consideration. 
Murphy(6) has demonstrated that it is possible to reactivate 
chloroform filtrates by means of tumor cultures and states that 
these results are due to an acceleration of a partially destroyed 
agent by means of some substance common to rapidly growing 
tissues such as tumor, embryo, or placenta. 

Cori(7) has reported a similar experiment. Flu (8) states that 
reactivitation may be obtained not only with tumor cultures and 
embryo culture, but also with similarly prepared material of liver 
and kidney tissues from chickens and guinea pigs. Harkins, 
Sehamberg, Kolmer, and East, however, find that when sufficient 
chloroform is added to sarcoma filtrates so that the material 
when injected into chickens will not produce tumor growth, the 
infectiousness of the filtrate is not altered when tumor culture 
is added to it. According to Flu there are three weak points 
in Gye’s theory on the origin of cancer. Briefly, these may be 
stated as follows: First, it is not at all certain that chloroform 
destroys all the virus in the tumor extract. Second, the exten¬ 
sion of Gye’s virus etiology to include mouse sarcoma. In Flu’s 
experiments he failed to induce tumor formation in sixty mice 
by injections of cell-free filtrate or with unfiltered supernatant 
bouillon over pieces of this tumor. Third, the Rous chicken sar¬ 
coma, upon which Gye bases his theory, has been regarded by 
some competent pathologists as a chronic infectious granuloma 
and not a true sarcoma in any sense. 

Simon and Beck(9) have also presented evidence that tumors 
are not produced by combining embryonic tissue cultures and 
chloroformed tumor extracts when the filtrates had been de¬ 
finitely inactivated. These authors state that the chloroform 
treatment of the tumor extract does not lead to a complete in¬ 
activation of the contained “virus.” 

Finally, Naka'hara(lO) has shown that the cells of the Rous 
chicken sarcoma are often filterable through the coarse and me¬ 
dium Berkefeld filters and that a small number of these cells 
can be demonstrated in a proportion of the filtrates. This au¬ 
thor has; shown that this tumor may be transmitted by an in¬ 
jection of a very small number of washed sarcoma cells and 
the addition of filtrate to a large number of cells produces no 
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more effect than does so much distilled water. Nakahara con¬ 
cludes that the transmission of the Rous chicken sarcoma may 
not be independent from the actual transplantation of viable 
sarcoma cells. He further points out, in coneetion with desic¬ 
cation and glycerination of the Rous chicken sarcoma No. I, that 
some viable cells can be demonstrated when such tissue retains 
the power to produce sarcoma. 

Studies such as have been described above on the etiology of 
malignant new growths are of prime importance to human med¬ 
icine. Malignant diseases are among the most important of 
human ailments, and it has been hoped that the study of similar 
conditions in experimental animals might throw some light upon 
its etiology. Some authorities have been inclined to consider 
chronic irritation (whether mechanical, chemical, toxic, etc.) 
as always being the basic factor involved in the production of 
these growths, while others have continued to search for some 
specific cause in the nature of a living parasite, germ, or virus. 
It will be recalled that Fibiger(H) was able to produce cancer 
in the gastric mucosa of the rat by feeding cockroaches that 
he later found harbored a certain worm which he named Spi- 
roptera neoplastica. In this case Fibiger believed the chronic 
irritation was produced by some toxic secretion from the para¬ 
site. It should be pointed out, however, that this irritant was 
incapable of producing any cancer other than the gastric cancer 
of the rat. It is, of course, common knowledge that cancers 
can be produced in rats by painting the skin with coal tar over 
prolonged periods of time, and it is a historic fact that sheep 
herders developed cancer of the skin as the result of carrying 
charcoal ovens next to their bodies over which they were ac¬ 
customed to warm their hands during long vigils of work and 
exposure to the elements. While we are interested here chiefly 
in the filterable virus theory of the origin of neoplasms, it is of 
interest to comment on the “irritation” theory. 

Recently Sturm and Murphy (12) have attempted to separate 
a causative agent from the cells of a tar sarcoma of the chicken. 
These authors were unsuccessful either with filtrates or desic¬ 
cates, and they point out that this tumor “must stand as an 
exception in the chicken tumor group, in that it resembles the 
mammalian tumors in the failure to be transmitted by an agent 
separable from the living cell.” 

It is evident that the theory of Gye and Barnard on the origin 
of cancer has met with serious objection on the part of investi¬ 
gators thoroughly competent to evaluate the protocols that have 
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been advanced in its favor and who have demonstrated con¬ 
servatism in the interpretation of their own experimental work. 
While it is premature to condemn entirely the theory of Gye, 
we are inclined to agree with Mueller that more-convincing 
evidence must be presented in its favor if the “virus theory’ 7 is 
to receive further serious consideration. 
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NEUROLYMPHOMATOSIS GALLINARUM: FOWL PARALYSIS 

Definition .—Neurolymphomatosis gallinarum (Pappenheimer, 
Dunn, and Cone) is an endemic disease of fowls which is charac¬ 
terized by an asymmetrical, partial, and progressive paralysis 
of the wings and both legs with occasional gray discoloration 
of the iris and blindness. In from 4 to 12.9 per cent of the 
cases lymphomata have been found that exceed the tumor rate 
for normal fowls. The cause of the disease is unknown. 

History.— According to the recent studies of Pappenheimer, 
Dunn, and Cone(i) fowl paralysis was first described by Marek 
in 1907. Later important clinical studies of the disease were 
made by Kaupp in 1914 and reported by this author in 1921. 
The disease is said to occur in all parts of the United States 
and Canada. There is reason to believe that the same disease 
or one quite similar is also prevalent in Austria, Holland, 
Argentina, and perhaps other parts of the world. 
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Etiology .—The etiology of fowl paralysis is unknown. In the 
most recent comprehensive experimental work of Pappenheimer, 
Dunn, and Cone several possible theories of the cause of the 
disease are suggested. While these authors are very conser¬ 
vative in their deductions from their experimental work they 
seem to favor the theory that the cause of this disease is a 
living virus, presumably an ultravirus since no microorganism 
can be demonstrated in material from cases of the disease. 
Other possible causes such as a nutritional disorder, an intoxi¬ 
cation, and a neoplastic process are given full consideration, but 
none of these seems probable. For these reasons this disease 
has, at least temporarily, been placed in the group of filterable 
virus diseases of fowls. In the experience of these authors not 
more than 25 per cent of birds inoculated With material from 
diseased animals develop the disease. It occurs in both sexes, 
and all common breeds of chickens may be affected. No re¬ 
lation has been found between paralysis and infestation with 
eoccidia and intestinal worms. 

Incubation period .—The precise incubation period in this dis¬ 
ease is unknown. According to Pappenheimer, Dunn, and Cone 
the earliest clinical cases in their experimental material were 
ten weeks of age. Apparently there was only one case that 
developed symptoms as early as this. In the spontaneous cases 
studied by these authors clinical symptoms were' observed at 
twelve weeks and the oldest ease developed paralysis at fifteen 
months eighteen days. These authors state that the onset of 
paralysis may be very sudden. They have observed a complete 
loss of power in the legs in less than three hours. These ob¬ 
servations indicate the age incidence of the disease, however, 
rather than the incubation period. In their chicken No. 4909, 
which was inoculated intramuscularly into the left leg with 0.2 
cubic centimeter of suspension of cord and sciatic nerve from 
G. 1348 (infected fowl), April 16, 1926, histologic lesions 
characteristic of the disease were found two and one-half months 
later when the fowl died without showing previous symptoms. 
In another fowl injected with the same material upon the same 
day symptoms of paralysis developed in about four months 
following the inoculation. 

Symptoms .—Drooping of a wing on one side, lack of coor¬ 
dination in walking, limping gait, and finally complete prostra¬ 
tion are early manifestations of the disease. According to 
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Pappenheimer, Dunn, and Gone the limbs are not symmetrically 
affected even in advanced cases. The chickens usually lie upon 
the side that shows greater paralysis. In older cases muscular 
atrophy may become extreme. The paralysis is more often spas¬ 
tic than flaccid, and in some cases there may be clonic spasms. 
The duration of the disease is variable. In one of the ten early 
cases at the Storrs Experimental Station a completely pros¬ 
trated fowl livdd from October, 1922, until January, 1923, under 
careful feeding. Death, however, may occur suddenly even 
though there may be periods of transient improvement. Partial 
or complete blindness may occur in some cases. Lymphomata 
occur in a certain percentage of cases. 

Susceptible fowls. —The disease is apparently limited to chick¬ 
ens. All common breeds are susceptible, and both sexes are 
affected in about the same proportion. 

Immunity. —That there is apparently a high degree of natural 
immunity possessed by some fowls is indicated by several facts. 
First, only about 25 per cent of inoculated fowls develop the 
disease; second, the disease is so mild in some cases that the 
symptoms may be entirely overlooked; third, the spontaneous 
infection does not infect the entire flock but apparently is con¬ 
fined to only the more susceptible fowls. 

Pathology. —To Pappenheimer, Dunn, and Cone belongs the 
credit for a comprehensive study of the anatomical changes pro¬ 
duced in fowls by this disease. According to these authors— 

in the peripheral nerves, the essential feature is an intense infiltra¬ 
tion of lymphoid, plasma cells, and large mono-nuclears. This is ac¬ 
companied by a myelin degeneration in the more advanced lesions, but 
the cellular infiltrations appear to precede the degenerative changes. In 
the brain and cord and meninges, there are similar infiltrations predomi¬ 
nantly perivascular. Infiltrations of the iris with lymphoid and plasma 
cells are found in the cases showing gross discoloration of the iris. Vis¬ 
ceral lymphomata, originating in the ovary, are associated in a certain 
percentage of the cases. Evidence is presented in favor of the view that 
this association is not accidental and that the lymphomata are a manifes¬ 
tation of the disease. 

Control measures. —As evidence of the infectiousness of this 
disease has been presented, isolation of infected birds and qua¬ 
rantine of healthy birds seem to be indicated. 

May 8, 1928, Pappenheimer (2) sent the following personal 
communication to the author concerning further experiments 
that he had performed: 

Nine Spangled Hamburg 6-day chicks, were inoculated with 0.1 cubic 
centimeter of Berkefeld N filtrate (ground in sterile Tyrodes solution) of 
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cord and brain ganglia of a typical paralyzed fowl. Eleven of the same 
hatching received in addition 0.1 cubic centimeter of a freshly prepared 
section of embryo extract in the hope that this addition might activate 
the virus. The controls, sixteen in number, received the embroyonic extract 
alone. These controls were thought necessary to exclude the possibility 
that the particular embryonic extract used might carry the virus. The 
reason for choosing the Spangled Hamburg strain was that in our work 
at Storrs, we found this variety to be particularly susceptible. 

The results of this experiment were entirely negative both as regards 
the transmissibility of the disease by the inoculation of the filtrate alone, or 
with the addition of the embryonic extract. Our controls also remained 
free of paralysis. While this is only a single experiment, it obviously 
offers no support for the virus hypothesis. One thing that we did learn 
from study of this series was the frequency with which perivascular lym¬ 
phoid accumulations may be found in the brain cord and ganglia of ap¬ 
parently healthy normal fowls. In the brain they were present in over 30 
per cent of the chicks and in the spinal cord in 13 per cent. I have reached 
the conclusion that the presence of these lymphoid foci cannot he taken 
as evidence of encephalomyelitis. Of course, their occurrence makes still 
more difficult the interpretation of the lesions. 
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PHILIPPINE FOWL DISEASE 

What is believed to be a new disease of fowls recently ap¬ 
peared in the Philippines. The epizootic began in September, 
1927, and proved to be highly contagious. The first cases of 
the disease appeared in Manila. The infection spread rapidly 
over an area having a radius of about fifty miles with Manila 
as the center. By February 1, 1928, it had been estimated that 
at least fifty thousands fowls had succumbed as a result of this 
disease. Both males and females are affected, and fowls of all 
ages are susceptible. The disease has been prevalent in chick¬ 
ens, and a few cases have been noted in ducks and geese. 

Symptoms .—The onset of the disease is sudden. Chickens at 
first show an indisposition to move about, preferring to sit or 
stand quietly in a secluded spot. Very early in the course of 
the disease there is a diarrhoea which gradually improves if the 
fowl is to recover. Gasping for air associated with jerking move¬ 
ments of the head downward and backward is a characteristic 
symptom. This is caused by large quantities of tenacious mu¬ 
cus which obstruct the posterior nares and pharynx. Many 
fowls die of suffocation early in the course of the disease. Ex¬ 
cessive thirst is noted in many cases, and the crop is often filled 
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with large quantities of water and mucus as well as foul-smel¬ 
ling gas in some instances. 

Occasionally there is a bloody diarrhoea, but this is not a com¬ 
mon symptom. The fowls usually die within one to seven days 
following the onset of symptoms. If the fowl is to recover from 
the disease the mucus in the nose and throat disappears, but 
there gradually develops a paralysis of the legs which may be 
either unilateral or bilateral. Of the fowls that recover from 
the acute symptoms and develop paralysis only a small per¬ 
centage, about 5 per cent, fully recover from the paralysis. Pa¬ 
ralyzed fowls may live for indefinite periods provided they are 
fed by hand and given water at regular intervals by a medicine 
dropper. Fully 99 per cent of fowls develop paralysis if they 
survive the acute stages of the disease. 

The Philippine fowl disease is similar in some respects to other 
diseases known to occur in fowls. It is similar to infectious 
bronchitis of fowls in that there is the characteristic posture of 
the sick fowl, head extended, beak open, and a gasping for breath 
in both conditions. The paralysis somewhat resembles the chick¬ 
en paralysis disease of fowls which has been described by 
Pappenheimer, Dunn, and Cone but is different from this dis¬ 
ease in many of its other clinical manifestations. In the early 
stages the Philippine fowl disease resembles both infectious and 
nutritional roop. It is similar to fowl pest, especially in the 
per-acute cases which die within twenty-four hours. Fowl pest 
is transmitted to healthy fowls by minute quantities of blood, 
but this disease is not so transmitted. 

Pathology .—Only the gross changes have been studied. The 
disease is essentially an infection of the alimentary tract. In 
all cases there is a perioesophageal inflammation that may in¬ 
volve the crop and extend throughout the entire length of the 
oesophagus. This inflammation is accompanied by haemorrhages 
which vary in size from small petecheal haemorrhages to large 
haemmorrhagic streaks or extravasations of blood. The changes 
in the intestinal tract are haemorrhagic in nature and vary great¬ 
ly in degree. Petecheal haemorrhages are also found on all the 
serous membranes. The eyes, nose, and throat are all filled 
with a tenacious glary mucus during the first days of the dis- 
ease, and the crop frequently contains large quantities of this 
niitMaL Histologic studies have been made only of the brain 
aifa cord taken from fowls during the stage of paralysis, but 
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no definite changes have been found so far in the small amount 
of material that has been examined. 

Etiology of the disease .—No bacterial incitant of the disease 
has been recovered from infected animals. The disease can be 
transmitted to healthy fowls by feeding the washed tissue of the 
intestinal wall. The disease can also be transmitted by subcuta¬ 
neous inoculation of an emulsion of the intestinal mucous mem¬ 
brane which has been passed through a Berkefeld N filter. 
Rodier(l) infected ten of eleven fowls which he inoculated 
with a Berkefeld filtrate of the intestinal mucous membrane. All 
developed typical symptoms of the disease with the exception 
of one. In another experiment thirteen fowls were inoculated 
with a Berkefeld filtrate of an emulsion prepared with the con¬ 
tents of the crop. Ten of these fowls developed typical symp¬ 
toms of the disease, while three appeared to be resistant. The 
virus is apparently present in the blood stream of infected fowls 
only in the early stages of the disease. Bacteria isolated from 
the faeces of infected animals appear to be innocuous. Injec¬ 
tion of liver, kidney, and lung tissues from infected fowls into 
healthy fowls produces the disease in some instances. Bile in 
one instance has proved infective. Brain emulsions prepared 
from brain tissue of birds that have died of the disease have in all 
instances proved negative. 

No attempt to cultivate the virus of this disease has as yet 
been made. From these preliminary experiments there appears 
to be strong evidence that this disease is caused by a filterable 
virus and represents a disease of fowls heretofore unknown. 
Since January the spread of the disease has been effectively 
checked by rigid quarantine measures. The causative filterable 
virus has been passed serially through a large number of fowls 
and a more complete study of the virus, the disease, and its 
pathology is contemplated. 

What appears to be a similar if not identical disease was re¬ 
ported by DoyIe(2) in England in June, 1927. In'any event if 
these two diseases in fowls should prove to be identical they 
were observed independently by these two investigators in dif¬ 
ferent parts of the world. 
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ILLUSTRATIONS 
Plate 32 

Fig. 1. Chicken pox. Epithelial proliferations on the comb, on the wat¬ 
tles, and near the corners of the mouth, (After Hutyra and 
Marek.) 

2. Fowl diphtheria. Heavy, dry, caseous deposits in the left corner 

of the beak; small deposits on the tongue. (After Hutyra and 
Marek.) 

3. Ghlamydozoon (Strongyloplasma) avium . Smear from buccal 

mucous membrane of a pigeon having fowl diphtheria (Giemsa 
staining). After Hutyra and Marek.) 

Plate S3 

Fig. 1. Fowl paralysis. Posture assumed by chicken' in one stage of pa¬ 
ralysis. (After Pappenheimer, Dunn, and Cone.) 

2. Fowl paralysis. Posture assumed by chicken in one stage of pa¬ 

ralysis. (After Pappenheimer, Dunn, and Cone.) 

3. Fowl paralysis. Dissection of spinal cord and brachial plexus in 

a typical case of fowl paralysis. On the right side there is 
massive nodular thickening of the nerve trunk extending into 
the corresponding segment of the cord. (After Pappenheimer, 
Dunn, and Cone.) 
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Figs. 1 and 2. Postures assumed by chickens in fowl paralysis. 3. Dissection of spinal cord 
and brachial plexus in a typical case of fowl paralysis. On the right side there is massive 
nodular thickening of the nerve trunk extending into the corresponding segment of the cord. 






Chapter XII 


FILTERABLE VIRUS DISEASES OF INSECTS 

SACBROOD DISEASE OP BEES 

Definition. —Sacbrood is an insidious infectious disease of the 
brood of bees. According to White(l) the disease does not at¬ 
tack adult bees but infects larvse. It is caused by a filterable 
virus. 

History. —For our knowledge of the true nature and etiology 
of this disease we are indebted to White. In this author’s his¬ 
torical account of the disease it appears that as early as 1857 
Langstroth(2) recognized two types of “foulbrood,” the dry and 
the moist. White believes that the dry foulbrood described dur¬ 
ing the last century might easily have been sacbrood. Like¬ 
wise a brood disease described by Doolittle (3) in 1881 as similar, 
yet different from foulbrood, may have been sacbrood disease. 
In White’s opinion the disease described by Jones (4) in 1883, 
which was somewhat different from the genuine foulbrood, was 
also probably sacbrood disease. Later reports of brood disease 
by Cook (5) (1904) in California, Burri(6) (1906) in Switzer¬ 
land, and KursteinerU) (1910) of Switzerland, are all con¬ 
sidered by White to have been instances of sacbrood disease. Up 
until this time no name had been given to the disease, though 
in different parts of the world dead brood resembling foulbrood, 
yet differing from this disease, had been observed. In 1913, 
after a careful study of this disease, White ascribed to it the 
name of sacbrood because of the sacklike appearance of the 
dead larvse. Since then it has been known by that name. 

DistribuUon. —The disease has been reported from various 
parts of Germany, Switzerland, Australia, Denmark, England, 
and the United States. It is probable, according to White, that 
many reports of so-called “pickled brood” of bees, a disease 
originally described by Howard (8) in Texas as being caused by 
a fungus, Aspergillus poUini, were in reality instances of sac¬ 
brood disease. In White’s experience “pickled brood” disease 
of bees has never been met with and probably does not exist. 

The vims of sacbrood disease. —In 1908 Dadant(9) expressed 
the belief that sacbrood disease is infectious. Subsequent work 
. ' .. ■ ■ ' 319 
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by White has proved that this is so. In 1913 this author de¬ 
monstrated that the disease could be produced at will by feeding 
the crushed tissues of larvse dead of sacbrood, suspended in 
sugar sirup, to healthy colonies. No demonstrable microorgan¬ 
isms could be found either by microscopic or cultural methods 
in the crushed larval tissue, yet Berkefeld filtrates of this tissue 
when added to sugar sirup and fed to health colonies produced 
the disease. Filtrates prepared with the Pasteur-Chamberland 
filter were also found to contain the virus and produced khe 
disease in healthy colonies. From these experiments of White 
it may be concluded that the cause of sacbrood disease of bees 
is a filterable virus. According to this author the virus con¬ 
tained in one dead larva is sufficient to produce the typical dis¬ 
ease in at least 3,000 healthy larvse. It was further demon¬ 
strated that the virus of sacbrood when suspended in water and 
heated to 59° C. was destroyed in ten minutes. The virus when 
suspended in honey and heated to 70° C. was destroyed within 
ten minutes. The virus of sacbrood resists drying at room tem¬ 
perature for about three weeks. Direct sunlight destroys it 
in from four to seven hours. The virus remains viable when 
suspended in honey and protected from light for nearly one 
month. Fermentative processes in sugar solutions containing 
the virus of sacbrood destroys it within a few days. The virus 
is not destroyed within three weeks by a 2 per cent solution of 
carbolic acid. The virus of sacbrood has not been cultivated, 
and little is known of its nature. 

Incubation period of sacbrood .—In the experience of White 
the first symptoms of the disease appear after inoculation of 
healthy colonies with infected material, in five to six days. This 
may be regarded as the period of incubation for the disease. 

Symptoms .—As White points out— 

in the matter of diseases in practical apiculture the beekeeper is interested 
primarily in the colony as a whole, and not in individual bees. Therefore, 
in describing 1 the symptoms of a bee disease, the colony as a whole should 
be considered as the unit for description, and not the individual bee. 

In general the first symptom of sacbrood is the presence of 
dead brood. Irregularity in the appearance of the brood 
nest may be noted. If many members of the colony are initially 
infected, a loss in strength may be observed. Brood dying of 
the disease are usually found in capped cells before the pupal 
:;stags is reached. 
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White states: 

It is rare to find a pupa dead of sacbrood. The larvae that die are 
found lying extended lengthwise with the dorsal side on the floor of the 
cell. They may be found in capped cells or in cells which have been 
uncapped, as bees often remove the caps from cells containing dead larvae, 
. , . sometimes a cap has a hole through it which suggests by its position 
and uniform circumference that it has never been completed. Through 
such an opening or through one of the larger punctures the dead larva 
may be seen within the cell. The larva recently dead of sacbrood is 
slightly yellow. The color in a few days changes to brown. The shade 
deepens as the process of decay continues, until it appears in some instances 
almost black. ... If the dead larva is not removed, its surface through 
evaporation of its watery content, becomes wrinkled, distorting its form. 
Further drying results in the formation of the “scale.” This scale is 
not adherent to the cell wall. 

No signs in a larva dying of sacbrood have yet been discovered by 
which the exact time of death may be determined. As the larvae in this 
disease usually die during the time when they are motionless, lack of 
movement cannot be used as an early sign of death. In this description 
it is assumed that the larva is dead if it shows a change in color from 
bluish-white to yellowish or indications of a change from the normal 
turgidity to a condition of fiaccidity. 

The appearance of a larva dead of sacbrood varies from day to day, 
changing gradually from that of a living healthy larva to that of the dried 
residue—the scale. A description that would be correct for a dead larva 
on one day, therefore, may and probably would be incorrect for the same 
larva on the following day. Moreover, all larvae dead of the disease do 
not undergo the same change in appearance, causing another considerable 
range in variation. 

White has divided the changes in the larva infected with sac¬ 
brood into five arbitrary stages, and the reader is referred to 
his original work for a detailed account of these changes. Suf¬ 
fice it to say that the virus of sacbrood remains viable through 
the second stage but thereafter is found to be innocuous when 
healthy colonies are fed with such material. 

Immunity in sacbrood, disease of bees .—Under the heading of 
predisposing causes White has touched upon this subject. It 
appears from this author’s work that adult bees are not directly 
susceptible to the disease. Pupee are rarely affected. The lar¬ 
vae are most susceptible and usually become infected about two 
days before the pupal stage. Both worker and drone larvae are 
susceptible. White states that queen larvae apparently are also 
susceptible, although this point has not yet been completely de¬ 
monstrated. No racial immunity has been established. There 
are probable differences in degree of susceptibility. White con¬ 
cludes that blacks are more susceptible than strains having Ita¬ 
lian blood in them. Climate is not known to have any bearing 
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upon the appearance of the disease, and the experimental dis¬ 
ease has been produced by White without relation to season. 
Quality or quantity of food is said to have little if any bearing 
upon the appearance of the disease. Colonies tend to recover 
from the disease without treatment. 

Pathology .—The anatomical changes produced by this disease 
in the larva are quite characteristic. The gross appearance of 
the larvae after death has been 'described. According to White 
sections through one of these larvae shows that the bulk of the 
body is composed of fat tissue. The fat cells are irregular in 
outline with an irregular-shaped nucleus. Black-staining spher¬ 
ical bodies are to be found within the cells. This gives the con¬ 
tents of the larva a granular appearance. During decay there 
is a considerable intercuticular space which is filled with a coagu- 
lable fluid. The body wall of the larva has a cuticula, a hypo- 
dermis, and a basement membrane. Hypo'dermal cells may be 
found in the mass content of the larval remains. Other cellular 
elements such as cenoeytes and unidentified cells larger than 
fat cells are also found. The cenoeytes do not contain the dark- 
staining bodies such as are found in the fat cells. The fore¬ 
going cellular composition of the larval remains taken together 
with cells coming from various organs make up a composite 
affair. The granular appearance of the mass is due chiefly to 
the fat cells suspended in liquid. The nature of the dark-stain¬ 
ing bodies found in these cells is not definitely known. Possibly 
they may be related to other inclusion bodies that are character¬ 
istic of several filterable virus infections. 

Control measures .—The modes of transmission of this disease 
within a colony and from colony to colony is little understood. 
It is theoretically possible that the virus may be transmitted from 
contaminated flowers or by water supply or even by visiting bees, 
but these possibilities have not been determined. According to 
White, robbing may possibly be a means of transmission since 
robbing occurs when the colony is weakened. No suitable or effi¬ 
cient methods for the control of this disease have been suggested. 
Entire colonies may be wiped out with saebrood, but this is the 
exception; the tendency is for the colony to recover. In this 
respect the prognosis is good. 
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WILT OP THE GYPSY-MOTH AND THE EUROPEAN NUN-MOTH 
CATERPILLARS 

Polyhedral disease of caterpillars 

Definition .—The wilt disease of gypsy moth is an infectious 
disease of caterpillars that is characterized by a disintegration of 
the tissues of the caterpillar in which are found myriads of poly¬ 
hedral bodies of various sizes. The disease is caused by a fil¬ 
terable virus. 

History and distribution .—According to Glaser (1) the gypsy 
moth was first brought to the United States, Medford, Mas¬ 
sachusetts, in 1869. It is said not to have become serious until 
1889. This author has found no account of the wilt disease 
affecting the caterpillar prior to 1900, and there is still much 
speculation as to how and when this disease was introduced into 
the United States. Glaser believes that the wilt disease of the 
European nun moth, Wipfelkrankheit, may be identical with 
the wilt disease of the gypsy moth and that it may have been 
introduced from Europe on trees and shrubbery or other ma¬ 
terial. Since caterpillars which die of the disease are found 
disintegrated and dried on trees this explanation seems possible. 
Glaser states that “this seems very likely in the light of recent 
investigations by Escherich and Miyajima,(2) and Prowazek(3) 
on the long resistance to drying of the virus of Wipfelkrankheit 
and Gelbsucht.” This idea is further supported by the fact that 
in caterpillars dead of both the wilt disease of the European nun 
moth and the wilt disease of the gypsy moth, the characteristic 
polygonal or polyhedral bodies are found in the tissues. 

In 1905 the State of Massachusetts and the Federal Bureau 
of Entomology imported parasites and natural enemies of the 
gypsy moth from Europe and Japan. The wilt disease may have 
been introduced with these parasites. The first report on the 
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wilt disease of the gypsy moth was published in 1907, by Howard 
and Fiske. (4) The author also points out that the wilt disease 
of the tent caterpillar and that of the gypsy moth may possibly 
be identical and that the latter insect may have become suscepti¬ 
ble to the disease of the former. However, there is no experi¬ 
mental evidence of the identity of these two diseases. 

In 1915 Glaser reported that Maine, New Hampshire, Mas¬ 
sachusetts, and Rhode Island were all infested with the gypsy 
moth, and the wilt disease was known to be present in these 
areas. The gypsy-moth caterpillars mature in July, and after 
they have exfoliated the trees, they are exposed to the direct rays 
of the sun. Also there is naturally a lack of food. These fac¬ 
tors contribute to the spread of the disease by lowering the 
resistance of the caterpillars. It is believed that the sunlight 
can convert the chronic form of wilt into the acute form. 

The virus of wilt disease of the gypsy-moth caterpillar. —Ac¬ 
cording to Glaser’s experiments caterpillars fed with Berkefeld 
filtrates of material from caterpillars dead of wilt disease develop 
the affection. The filtrates contain neither bacteria nor polyhe¬ 
dral bodies, yet the typical disease is produced and the infected 
caterpillar contains large numbers of the characteristic poly¬ 
hedral bodies. These bodies have been found in both the wilt 
disease of the European nun moth and in the wilt of the gypsy- 
moth caterpillar. The average size of these bodies is from 1 to 6 
microns. The limits of variation are from 0.5 to 15 microns. 
They are shaped like a polyhedron with rounded angles and are 
never spherical. An actual geometric outline has not been ob¬ 
served by Glaser, as in the case with the silkworm polyhedra that 
are almost perfect octahedra. These bodies are highly refrac¬ 
tive, and the center is denser than the periphery. Onionlike 
concentric layers are sometimes observed. On pressure in a 
glass-slide preparation these bodies crack into a number of 
pieces. This sometimes occurs spontaneously without pressure. 
Pigment granules that resemble bacterial forms are found in 
smear preparations. True bacteria are rarely found. In fresh 
preparations very minute dancing granules that may come from 
the polyhedral bodies are to be seen. Within pathologic nuclei 
very minute dancing granules can be seen. Glaser suggests that 
these granules may be particles of degenerated chromatic or 
achromatic substance, but he is inclined to the view that they 
represent; extremely minute microorganisms. These granules 
may represent the vegetative stage of the polyhedral bodies or 
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the polyhedra may be a secretion of a minute organism con¬ 
tained within. These small dancing granules, however, are 
found in the Berkefeld filtrates, while the polyhedra and other 
organized structures are removed. Glaser states: 

As long as there is no evidence, however, that the polyhedral bodies are 
directly related to the filterable virus or to the little granules, the view 
that they are reaction products appeals more strongly. The virus in¬ 
vades the nuclei of the hypo dermal, fat, tracheal matrix, and blood cells, 
and the polyhedral bodies arise, perhaps, as by-products of nuclear di¬ 
gestion and disintegration. 

The polyhedral bodies are found within the nuclei of the 
hypodermal, fat, and blood cells, and also within the nuclei of 
the tracheal matrix cells. Stained sections demostrate that they 
originate here, but Glaser was unable to find them present in 
the nuclei of the muscles, Malpighian tubes, ganglia, or nerves. 
Further, such bodies have not been demonstrated within the 
nuclei of gland cells. While the true significance of the poly¬ 
hedral bodies is at present little understood, it appears that they 
may be related to so-called inclusion bodies which have been 
described in other diseases. The minute dancing granules ob¬ 
served within the nuclei and the Berkefeld filtrate may be etio- 
logically significant. Further study is necessary to decide the 
significance of these important observations. The polyhedral 
virus has not been cultivated; it is filterable through Berkefeld 
N filters but not through the Pasteur-Chamberland filter; it is 
destroyed by heating to 60° C. for twenty minutes and by dry 
heat at 70° C. for the same length of time; the virus resists drying 
at room temperature for two years; it is resistant to glycerin; 
it is destroyed by 5 per cent carbolic acid within three weeks 
and is destroyed by alcohol within a few minutes. The available 
data indicate that the virus of wilt disease is a living agent 
such as other ultraviruses having similar properties. 

Incubation period. —The incubation period in experimentally 
produced wilt disease of the gypsy moth varies from two to 
twenty-five days. Temperature appears to bear a very import¬ 
ant relation to this variation. 

Susceptible insects. —The virus described by Glaser is infec¬ 
tious for the gypsy-moth caterpillar. In the author’s opinion it 
is quite probable that the European nun moth is also affected, 
indeed may have been first affected by this virus, and through 
importation from Europe entered the United States. While 
there is a possibility that the tent caterpillar may also be affected 
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by this virus, there is no experimental proof bearing on the 
subject and in Glaser’s opinion this is unlikely. 

Immunity .—Genetic immunity of certain individuals is quite 
probable, and there is evidence that active immunization with 
sublethal doses of infectious material is possible. While it is 
probable (Glaser), there is no evidence that wilt is transmitted 
from one generation to another. 

Pathology .—The histological findings in this disease may be 
s umm ed up briefly as follows: The pathology of wilt does not 
vary with the age of the caterpillars; the polyhedral bodies 
originate in the nuclei of hypodermal, tracheal matrix, fat, and 
blood cells; minute dancing granules that stain with Giemsa’s 
stain are found within the nuclei of fresh diseased-tissue prep¬ 
arations; the intestinal canal is last to disintegrate as a result 
of the disease; according to Glaser two types of blood corpus¬ 
cles exist in diseased caterpillars. The reader is referred to 
Glaser’s original publications for a more-detailed description of 
these changes. 
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JAUNDICE OF SILKWORMS 
Gelbsucht; Grasserie 

Jaundice of silkworms was first described by Nysten(i) in 
1808. The disease is characterized by a turbid yellowish blood 
in the yellow and green races, and a whitish turbidity in the blood 
of the white races. Jaundice of silkworms is present nearly 
everywhere that worms are bred and has been prevalent in Ja¬ 
pan, and parts of Europe, particularly, for many years. The 
Japanese speak of this disease of the silkworm as “Nobyo,” and 
the diseased worms are designated “Nosan” or "Umiko.” Dan- 
dolo(2) in 1925 characterized the vaches, gras, or yellows as fol¬ 
lows: First the head of the worm swells, then the skin is drawn 
tight oyer the rings and shines as with varnish. The rings then 
swell. This is followed by the circumference of the aperture of 
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the stigmates becoming light or deep yellow in color. Finally 
“the worm voids a yellow liquid which may be seen on the 
leaves.” 

Since its first description this disease has attracted the at¬ 
tention of many investigators, all of whom have added their 
observations of the malady to the literature. A review of the 
literature is given by Sasaki (3) in a description of his work on 
this disease published in 1909-1911 and need not be recounted 
here. Since the earliest descriptions of the disease there has 
been quite general agreement regarding its manifestations, al¬ 
though its etiology has long been a moot question. 

Sasaki originally began his work on the jaundice of silkworms 
in conjunction with Bolle. (4) In 1894 Bolle pointed out that the 
polyhedral bodies found in the blood of silkworms dead of jaun¬ 
dice are in reality a species of Coccidm and in his opinion 
the real cause of jaundice in silkworms. Later, in 1895, Sasaki 
described polyhedral bodies in the fatty and muscular tissues, 
peritracheal membrane, and silk glands of the worms and ad¬ 
vanced the theory that these bodies were formed within these 
organs and tissues as the result of insufficient respiration. Later 
studies on this disease by Sasaki, however, have led to the opinion 
that the polyhedral bodies are crystalloids and are formed within 
the organs and tissues as a result of certain diseases and un¬ 
healthy conditions under which the worms are bred. 

In 1896 Krassilsehtschik(5) demonstrated the presence of a 
micrococcus in the blood of worms having jaundice and concluded 
that this microbe, Micrococcus lardarius, is the specific cause of 
the disease. Again, in 1898, Bolle stated that he believed that 
the polyhedral bodies (poledrischen Kornchen) were parasites 
and the cause of the disease. He further described their repro¬ 
duction and suggested the name Mierosporidhm polyedricum by 
which to designate them. Later, in 1903, Bolle showed that these 
parasites possess infective power for other insects, such as Bom- 
byx, Autherea, and Attacus. 

Miyabara and Yanai,(6) Omori,(7) and Tamura(8) all agreed 
with Bolle that the disease was caused by a parasitic sporozoan. 
In 1907 Prowazek(9) described Chlamydozoa bombycis as the 
cause of jaundice of silkworms. During the same year Conte 
and Levrat(lO) concluded as a result of their studies that the 
polyhedral bodies found in this disease are the products of de¬ 
generation of adipose and other tissues. The precise status of 
the polyhedral bodies then is not settled. By some they are 
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regarded as the spores of Microsporidium polyedricum, by others 
as the reaction product of the cell to the presence of Chlamydozoa 
bombycis, and by others as the degeneration products of cells. 

Sasaki regards the appearance of polyhedral bodies as a symp¬ 
tom of jaundice in silkworms rather than a cause. He is in¬ 
clined to the belief that the causes of jaundice in silkworms are 
multiple since he has been able to induce the disease, with the 
appearance of polyhedral bodies, by decreasing respiration, by 
inoculating healthy worms with various strains of streptococci 
obtained from the blood of silkworms, by feeding healthy worms 
leaves on which formalin had been placed, and by feeding healthy 
worms with the leaves of Cudrania triloba and Taraxacum offi¬ 
cinale, plants more or less foreign to silkworms. 

The polyhedral bodies found in silkworms or pupse affected 
by jaundice are flattened, thin, many-sided plates; but they 
appear mostly six-sided. These bodies may be crushed by pres¬ 
sure between two glass slides. They frequently become crushed 
in drying and are broken up by temperatures ranging from 
140 to 150° C. These bodies are heavier than water and fall 
to the bottom in water suspensions. They vary in size from 
0.0066 to 0.008 millimeter in diameter. They stain with carbol- 
fuchsin, picric acid, and other dyes. They are not affected by 
concentrated sulphuric or nitric acid, caustic potash, ether, or 
chloroform. Sasaki found that the polyhedral bodies in diseased 
worms that had been kept in alcohol for three years retained 
their normal shape. He regards these bodies as crystalloids. 

The polyhedral bodies are always produced within the nucleus 
of the cell and not in the cytoplasm. Sasaki states: 

In the nucleus of some cells, there can be seen certain dots or granules 
having more or less angular or polyhedral shape. In other cells, the nu¬ 
cleus contains more or less larger dots or granules having polyhedral 
shape. These granules grow larger and larger within the nucleus, until 
the latter is nearly filled with them. Furthermore, the nucleus grows 
larger until it nearly fills the cell. In many cases, as a result of the 
abnormal growth of the nucleus, the membrane of the cell in which 
it is embedded ruptures, and the nucleus containing the granules becomes 
free and is thrown into the blood; or at the same time with the rupture 
of the cell membrane, the nuclear membrane breaks up too, and the gra¬ 
nules contained in the nucleus are thrown out into the blood. 

Sasaki believes that the sacs containing the polyhedral bodies 
which are seen in the blood represent nuclei rather than cysts 
of Microsporidium polyedricum described by Bolle. The same 
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effect may also be given by blood cells which contain polyhedral 
bodies. 

The symptoms of jaundice in silkworms appear usually in the 
fifth stage. Frequently the diseased worms appear at each molt. 
Dead worms or pups, imprisoned within their coccoons, often 
contain polyhedral bodies, and parasitic maggots that come out 
of the silkworms or pups also contain the crystalloids within 
their bodies. 

The etiology of jaundice in silkworms remains obscure. Sa¬ 
saki has been able to induce symptoms of the disease by various 
methods, but a specific etiologic agent has not been discovered. 
Many investigators think this disease is caused by a member of 
the filterable virus group as evidenced by the inclusion bodies 
described by Prowazek. Careful filtration experiments will be 
necessary to substantiate this theory. 

Other filterable virus diseases of insects .—According to Pail- 
lot (ll) polyhedral disease of the caterpillar of the black arches 
moth, Hymantria monacha, is also caused by a filterable virus 
as evidenced by the polyhedral bodies present in this affection 
which are similar to those already described. Furthermore, 
there is a form of grasserie which affects the caterpillar of the 
large, white, cabbage butterfly and also a nuclear disease af¬ 
fecting this caterpillar associated with the presence of refrin- 
gent rings in the cytoplasm of blood cells and fat cells. Yery 
little is known concerning these diseases. 
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Fig. 1. Marked sacbrood infection. (After White.) 

2. Heavy sacbrood infection showing a number of different stages of 
decay of larvss. Eggs, young larvae in different stages of de¬ 
velopment, and diseased larvae in same area. (After White.) 

Plate 35 

Comparison of a healthy larva and the remains of larvae dead of sacbrood; 

a, cap of a healthy larva; b, c, d, c, and /, caps over larvae in 
first, second, third, fourth, and fifth stages of decay; g, a healthy 
larva; h, i, j, k, and l, end views of five stages of decay; m, 
healthy larva; n, o, p, q, and r, five stages of 'decay from end 
view; s and y, healthy larvae; t, u, v, w, and 2 , stages of decay 
of larvse removed from cells; ww 9 larva recently dead of sac¬ 
brood; x, scale; %%, larval remains; yy, almost a pupa; zz, pupa 
dead of sacbrood. (After White.) 

Plate 36 

Fig. 1. Healthy larva and cell viewed from above and at an angle. (From 
White.) 

2. Scale, or larval remains, in position in cell cut lengthwise, lateral 
view. (From White.) 

Plate 37. Polyhelra of Gypsy-moth Caterpillars. (After Glaser.) 

Fig. 1. Silkworm polyhedron, after Prowazek. 

2. Two gypsy-moth caterpillar polyhedra adhering to each other. 
Figs. 3 to 10. Polyhedra of gypsy-moth caterpillar cracking to pieces. 

11 to 18. Urate crystals of a gypsy-moth caterpillar. 

Fig. 19. Polyhedron of gypsy-moth caterpillar stained, showing a dark 
central mass. 

20. Polyhedron of a gypsy-moth caterpillar stained, showing refractive 

granules. 

21. Chromatic lump in middle of pathological nucleus of a gypsy-moth 

caterpillar. X 950. 

22. Iron hematoxylin, showing stained polyhedra of gypsy-moth cater¬ 

pillar in a nucleus. X 950. 

23. Giemsa’s stain, showing unstained polyhedra of a gypsy-moth ca¬ 

terpillar in a nucleus and little granules. X 950. 

24. Fully formed polyhedra of a gypsy-moth caterpillar in a nucleus. 

X 950. 

25. Nuclear membrane rupturing and allowing polyhedra of a gypsy- 

moth caterpillar to escape. X 960. 

Plate 38. Wilt of Gypsy-moth Caterpillars. (After Glaser.) 

Figs. 1 and 2. Normal blood corpuscles of the gypsy-moth caterpillar. 

3 and 4. “Mulberry” corpuscles of the gypsy-moth caterpillar. 

Fig. 5. “Mulberry” corpuscle of the gypsy-moth caterpillar, showing nu¬ 
cleus (crushed). 

6. Blood corpuscle of the gypsy-moth caterpillar, showing nucleus 
filled with polyhedra. 
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Fig. 1. Marked sacbrood infeotion, 2, Heavy sacbrood infection showing a number of different 

stages of decay of larvae. 


PLATE 34. 
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PLATE 35. COMPARISON OF A HEALTHY LARVA AND THE REMAINS OF LARV/E DEAD 

OF SACBROOD. 






Fig. 1. Healthy larva and cell from above and at an angle. 2. Scale, or larval remains 

lateral view. 


PLATE 36. SACBROOD OF BEES. 
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PLATE 37. POLYHEDRA OF GYPSY-MOTH CATERPILLARS. 
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PLATE 38. WILT OF GYPSY-MOTH CATERPILLARS. 
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Fig. 1. Diseased silk gland from jaundice of silkworm. 2. Diseased fatty tissue, showing 
various bodies. 3. Polyhedral bodies; b, deformed polyhedral bodies. 


PLATE 39. 
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Figs. 7 to 9. Blood corpuscles of the gypsy-moth caterpillar with pha- 
gocytized polyhedra. 

Fig. 10. Cytoplasmic-free pathologic blood corpuscles of the gypsy-moth 
caterpillar. 

Figs. 11 and 12. Crystals found in gypsy-moth caterpillars that died of 
the “other cause.” 

Plate 39 

FlG. 1. Section of the diseased silk gland from jaundice of silkworm. 
(After Sasaki.) 

2. Section of the diseased fatty tissue, showing various stages of 

polyhedral bodies. (After Sasaki.) 

3. a, Polyhedral bodies; b, deformed polyhedral bodies. (After Sa¬ 

saki.) 



Chapter XIII 

FILTERABLE VIRUS DISEASES OF FISHES 

Very little is known regarding the filterable virus diseases of 
fishes. Practically no experimental work has been done on these 
diseases further than to recognize and describe some of the 
various diseases of fishes and to ascertain methods for their 
control or eradication. Fish culture is very important to the 
economy of a nation, and in some countries it has been developed 
upon a very extensive scale. This has made possible the ob¬ 
servation and study of many of the affections of this group of 
animals, and for the most part the diseases of fishes have been 
found to be caused by bacterial infections or related to other 
parasites, nutrition, physical phenomena, and environment. 

There are three diseases of fishes that have been thought to 
be caused by filterable viruses. The study of these diseases 
has been very limited and information concerning them is ex¬ 
ceedingly meager. In the light of our present knowledge it 
would be better perhaps to classify these diseases with the af¬ 
fections of “obscure etiology.” However, since these three dis¬ 
eases of fishes have been classified by some investigators with 
the filterable virus diseases, they will be described briefly in this 
section. 

EPITHELIOMA OP BARBUS 

Epithelioma of fishes has been described by Keysselitz(l) as 
occurring upon the lip of the Moselbarben, or Barbus fluviatialis 
Cuvier. The tumor may be located upon any part of the lip, and 
very rarely it extends to the skin of the upper jaw. The epi¬ 
thelioma reaches the size of a pea, and usually there is only one 
tumor although in some cases there may be three or four. On 
cross section a tumor presents a round or oval base, and is either 
a, flat elevation with a slightly lobulated surface or a conical form¬ 
ation. Its color is the same as the lip, yellowish white, and 
frequently it is somewhat eroded upon the surface. In a few 
cases Keysselitz has observed these tumors measuring from 20 
to 35 millimeters. As a rule epithelioma of fishes occurs from 
April to July. It is a general belief among fishermen that tu- 
;v: 332 I-,- > ~ ■. ' . 
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mors occur in the spring but are not observed in the late summer 
or fall. 

Keysselitz has studied the histology of these tumors, and in 
sections stained with Ehrlich’s hematoxylin and Breinl’s stain 
for trypanosomes he has demonstrated minute bodies which he 
believes are Chlamydozoa. He states that these nuclear bodies 
are comparable to the cellular inclusions of vaccinia, variola, 
epithelioma of fowls, molluscum contagiosum, trachoma, and 
rabies, and that they consist mostly of nuclear substance and 
are the reaction product of the cells to the invasion of minute 
parasitic microbes—-the Chlamydozoa. Due to these observa¬ 
tions this disease has been classified with the filterable virus 
diseases. 

The epithelial layer of the skin of the lip of a Barbus 35 cen¬ 
timeters in length is about 200 to 400 microns in thickness. 
There are among the epithelial cells numerous mucous cells 
which are located in the upper and middle layers. The papil¬ 
lae are flat. Mitoses are usually absent, but when present they 
are found only in the superficial layers. 

The secretion of the cells when stained with hematoxylin does 
not take the normal blue color but is of a grayish shade. The 
function of the cell is altered by the disease process. Frequently 
the mucous cells are found in a stage of disintegration or hyaline 
degeneration. The leucocytes that are found within the epithe¬ 
lial layers may also show this degeneration. The papillae are 
elongated and pointed, reaching deep into the epithelioma. 

The changes found within the nuclei of the cells indicate that 
the process is progressive. In the beginning there' are one, 
two, three, or four round or oval vacuoles within the nucleus. 
Ultimately the nuclei lose all of their chromatin with the excep¬ 
tion of the peripheral chromatin membrane and frequently small 
islets of chromatin within the nuclear body. Almost regularly 
there are found one or two, and in some cases, three or four 
dark-staining, round, oval, or irregular bodies within the changed 
nucleus. These may show achromatic spots. These bodies may 
be nucleoli which have lost their tinctorial properties. The in¬ 
tranuclear inclusions begin as small bodies about one micron in 
size and are surrounded by a transparent halo. These bodies 
can easily be differentiated from the nucleoli. With hsematoxy- 
lin these bodies take a more intensive blue than the nucleoli. 
Keysselitz believes that these bodies later divide and grow 
larger. He states that he has seen as many as eight of these for- 
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mations in one cell. These bodies he believes represent foreign 
parasitic elements, the immediate reaction product of which is 
the capsule consisting of plastin. He believes that these bodies 
are similar to those found in carp pox. 

The theory of a filterable virus origin of epithelioma of fishes 
is based purely upon histologic evidence. The disease has not 
been produced experimentally in fishes with filtrates or even 
with unfiltered material taken from diseased fishes and admin¬ 
istered to healthy fishes in an effort to induce the affection. For 
the present we must conclude that the filterable virus theory is 
only to be permitted upon the grounds of analogy because cer¬ 
tain intranuclear bodies are found, within the cells of the epi¬ 
thelioma, which are similar to inclusion bodies found in other 
diseases that are known or thought to be caused by filterable 
agents. 

CARP POX 

Carp pox was known in the Middle Ages. It was described 
by Gessner(2) as early as 1563. Hofer(3) states that the dis¬ 
ease became more prevalent during the twenty-year period of 
1884 to 1904. This author states that carp pox, sometimes 
called “mushroom disease,” occurs in carp and occasionally in 
other kinds of fishes. It is found in regions where carp are 
cultivated in ponds, especially where the water is seldom 
changed. Hofer observed this disease in carp in many parts of 
Germany and Austria. He states that pox is the most prevalent 
disease of fishes. 

Symptoms and course of the disease .—Carp pox is essentially 
a disease of the skin. It occurs on the head, fins, and other 
parts of the body. It first manifests itself as milky, glassy, 
cloudy, whitish spots, which are at first discrete but gradually 
become larger and may become confluent. The entire surface 
of the fish may be covered. The lesions become elevated, being 
1 to 2 millimeters in thickness, smooth on the upper surface, 
and sometimes tabulated. They have a hard consistency and 
feel like cartilage. At times the growth contains black pig¬ 
mented stringy material that divides into fine branches. In 
some instances the growth may have a reddish tinge. The cells 
Of the epidermis are increased in number, indicating an active 
process. The thickening of the epidermis produces the cloudy, 
whitish appearance. The epithelial cells also appear cloudy 
under the microscope. Between the epithelial cells are found a 
few leucocytes. When the spots have thickened, blood vessels 
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grow in, and when the tumorlike mass is removed it leaves a 
bleeding surface. A similar disease has been described by 
Wierzejski(4) in which there is a secondary hypertrophy of the 
epithelium. This author describes the spots on the skin as 
mulberry or cauliflowerlike. Hofer does not believe that this 
disease is carp pox. 

During the normal course of the disease the pox spots scale 
off when they reach a certain thickness but appear again after 
a short time. They also appear again after they are scraped 
off with an instrument. In the aquarium it requires from six 
to eight weeks for the complete development and shedding or 
casting off of the pox scales. This process is frequently re¬ 
ferred to as desquamation. It is continuous in pox-infected fish¬ 
es, and gradually lowers their resistance and energy. They be¬ 
come thin and atrophied and may finally die of the disease. On 
the other hand the disease may be benign and not affect the 
growth. Very little is known of the nature of the disease except 
that pox-diseased fishes are found in the spring when the fish are 
collected and the ponds are cleaned. 

The virus of carp pox .—The causative agent of carp pox is 
not known. Hofer searched for years for bacteria and other 
parasites in the lesions without result. This author finally con¬ 
cluded that the disease is not primary in the skin but that the skin 
lesions are symptoms of a disease of the internal organs. 
In the kidneys, and sometimes in the liver and spleen, Hofer 
found a parasite which he has designated myxosporid. This 
parasite exists in the form of irregularly formed amcebalike 
bodies of various sizes in the parenchyma and tubules of the 
kidneys. It is identified by its spores, 10 to 16 microns in 
length by 8 to 11 microns in width. Hofer describes polar 
capsules 5 to 6 microns in length by 8 microns in width. The 
capsule possesses two membranes. Yellowish refractive bodies 
are also found in the organs of the carp, but their structure is 
indefinite. In these bodies are fine brown or black granules. 
Their origin and composition is unknown. They occur in the 
stage where the spores are absent. These parasites (?) are 
found between and in the cells of the kidney and may cause death 
of the cells. Hofer states that they may be so numerous that 
the entire kidney consists of parasites. This author states that 
in the face of such heavy infestation of the kidney it seems likely 
that the waste products are deposited in the skin of the fish 
and that the irritation from such products causes the over- 
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growth of the epidermis. According to this view the skin lesions 
would appear to be secondary to infection of the internal organs 
of the fish, particularly the kidney. Hofer believes that these 
observations will also explain the spread of the disease in ponds 
since the kidney parasites are eliminated by infected fishes and 
ingested by healthy fishes in their search for food at the bottom 
of the pond. Hofer suggests that the parasites are eliminated 
in the fseces of infected carp, sink to the muddy bottom, and are 
taken up with the food by normal fishes. The carp digest the 
membrane of the spore, and the sporozoites are then hatched. 
He further suspects that the sporozoite penetrates the mem¬ 
brane of the gut and is later deposited in the kidney and other 
organs. 

Loewenthal(5) in 1907 described certain inclusion bodies in 
carp pox similar to those already described for epithelioma of 
fishes, and upon these observations various authorities have clas¬ 
sified this disease with the filterable virus! diseases. The exact 
nature of these inclusion bodies is not known, but their presence 
in the lesions of carp pox raises some doubt regarding the theory 
of Hofer as to the etiology of this disease. It is known that the 
pox eruption regresses when the carp are placed in fresh 
running water. The spots disappear but reappear again within 
a few weeks. Complete healing of a pox-diseased fish is im¬ 
possible according to Hofer, but there is evidence of healing in 
both the skin lesions and in the internal organs in some in¬ 
stances. Control of the disease depends upon a number of 
factors. Sanitation of the bottom of fishponds is essential. 
This is brought about by draining, exposure to the sun, treat¬ 
ment with lime, etc. When the pond is refilled with water 
only healthy spawn should be introduced. 

We may conclude from the information available concerning 
this disease that the exact cause of the affection is as yet un¬ 
known. There is presumptive evidence that the disease may be 
of a filterable virus origin as evidenced by the presence of inclu¬ 
sion bodies in the skin lesions. On the other hand Hofer’s 
theory should receive serious consideration if only to rule it out. 

LYMPHOCYSTIC DISEASE 

Lymphoeystie disease of fishes is of theoretical and practical 
interest because it affects certain important and useful fishes. 
The disease is communicable and can be transmitted with ease to 
certain species, such as the bass and the flounder. To Weissen- 
berg( 6 ) we are indebted for a considerable portion of our in- 



39,1-4 McKinley: Filterable Virus Diseases 337 

formation regarding the nature of this disease, its pathology 
and cause. Weissenberg states that there are three periods in 
the investigation of this disease. In the first period investiga¬ 
tors described the giant mononuclear cells which appear and 
proliferate in the skin of the fish and considered these cells ova. 
In the second period these cells were considered parasitic pro¬ 
tozoans. In the last period investigators clearly recognized that 
these cells are elements belonging to the fish’s body organism, 
elements that hypertrophied as a consequence of the stimulus of 
an intracellular virus. 

Lymphocystic disease of fishes is characterized by the appear¬ 
ance on the skin of spherical nodules that somewhat resemble 
pearls. The nodules may occur singly or in groups, and fre¬ 
quently, in the latter case, give a cauliflower appearance and 
resemble the condyloma acuminatum seen in man. Each nodule 
is composed of a giant lymphocystic cell covered by connective 
tissue and epithelial cells. In some instances a group of cells, 
covered with epithelium, are joined together forming a tumor 
mass. The size of such tumors varies. In flounders they may 
be 2 millimeters in diameter, but they are usually smaller in 
bass. In Sargus they have been found as large as 400 microns 
in diameter, and Johnstone (7) found them to measure 320 mi¬ 
crons in Solea. These nodules develop most commonly upon 
the fins, but may be found anywhere on the body. In the bass 
the lymphocystic cells are transparent, and the tumors appear 
gray and cloudy. The disease ordinarily develops to its fullest 
extent in the aquarium in from seven to eight months, although 
it becomes visible to the naked eye within two and a half to 
three months. Under experimental conditions it has appeared 
within nine days. Lymphocystic cells are found in the skin, 
in the deep connective tissue of muscles, etc., and on the bone 
plates, and even in the spinal canal between the spinal cord 
and the bones. Woodcock(8) has described these cells as oc¬ 
curring in the mesentery, intestines, stomach, liver, kidney, and 
ovary. Wherever they are found they are situated in the con¬ 
nective tissue. 

Lymphocystic disease of fishes is essentially chronic in its 
course. After seven or eight months when the nodules are fully 
developed they tend to regress or degenerate. At this stage they 
appear as whitish nodules upon the skin. Complete healing may 
take place and the lymphocystic cells may be cast off. 'In this 
case there remains an area denuded of epithelium. The disease 
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is not serious provided it does not involve any of the vital or¬ 
gans. In the aquarium many affected fishes die due to a mold in¬ 
fection of the tumors. This infection is known as “saprolegnia.” 
The chief effect of the disease upon the fish as a whole is to 
produce an emaciation. Weissenberg believes that the emacia¬ 
tion must be due to the disease since fishes affected with lympho- 
cystic disease and showing emaciation have been found in the 
Irish Sea. The disease can be produced at any season of the 
year under experimental conditions, but there seems to be a 
certain seasonal irregularity in the natural infection that is little 
known. In freshly caught fishes one can note many different 
stages of the disease believed to be due to reinfection. This 
is also noted under experimental conditions. 


Table 10.— Distribution of carp pox. 


Host. 


Pleuronecies flesus; flounder. - 
Pleuronecies plate ssa; Seholle. _ 

Pleuronecies fle&us; flounder_ 


Solea vulgaris . 

Mactopodovia viridiaura, 
large macropod crab. 

Acerina cernua; bass 
Sargus annularis: Geisbrasse. 


Wbere found. 

Author. 

Parts of seas around England and 

Lowe; McIntosh; Sando 

mouths of rivers; Irish Sea (Luce 

mann; Woodcock; 

Bay, Barrow Canal, River 
Lune). English Channel (River 
Ouse), North Sea. 

Johnstone. 

North Ice Sea (Barreni’s Sea). 

Awerinzew; W e i s s e n- 

East Sea, Hidden Sea, Jasmund 
Bodden. Mouth of River Elbe. 

berg; Claussen. 

East coast of England. 

Johnstone. 

Prom German Institute for Culture j 
of fish. In 1910 imported from 
China. 

Zschiesche; Max Koch. 

Jasmund Bodden.. 

Weissenberg, 

Disease was discovered in an aqua¬ 
rium in Vienna. Material came 
from zoological station in Triest, 
Adriatic. 

Joseph. 


Microscopic picture of the lymphocystic cell. —According to 
Weissenberg a definite diagnosis of-lymphocystic disease in fishes 
cannot be made without a microscopic examination. This au¬ 
thor describes the lymphocystic cell as follows: 

There is a very definite membrane surrounding the cell. The 
lymphocystic cell is a foreign cell just as a tumor cell is foreign 
to normal tissue. The lymphocystic cell leads an independent 
life. The membrane is jellylike and elastic. It is thickened 
in, old degenerated cells. In bass the membrane is more fully 
developed. In younger cells the nucleus appears like a bubble 
filled with liquid. It is lobulated and kidney-shaped, eccentrally 
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placed with the hilus toward the center of the cell. The nu¬ 
cleus shrinks when the cells become 100 to 120 microns in diam¬ 
eter. In this stage a network surrounds the nucleus. In 
shrinking the surface of the nucleus folds over, and later it 
appears as if pseudopodia come from its surface. Still later the 
nucleus appears as multiple strands, with depressions between, 
floating in the plasma of the cell. This observation led Awerin- 
zew(9) to describe this phenomenon as “plastin branching.” 
With the shrinking of the nucleus there is a diminution of the 
chromatin material. In the latter stages the chromatin is found 
only on the inner surface of the cell membrane. 

The nucleolus is quite distinct in the lymphocystic cells as they 
occur in the bass. In old cells it is acidophilic, while the cell 
membrane is basophilic. The plasma is acidophilic, while the 
granular protoplasm is basophilic. Within the plasma are seen 
vacuoles, particularly around the nucleus. Between the vacu¬ 
oles and around their outer surface is seen a pronounced granula¬ 
tion. Besides granules one also notes very fine strands. The 
granules and strands are apparently lipoid in nature. Weissen- 
berg first thought that these granules represented the virus 
of the disease but later withdrew this opinion. Occasionally 
fat droplets are found. The network in the large lymphocystic 
cells surrounds the nucleus and in some places there are clublike 
thickenings sprouting out. As the cell grows the network 
extends like latticework. As the network extends, its strands 
become thickened, increasing in thickness from 3 to 12 microns. 
In flounders the strands of the network may thicken to from 15 
to 25 microns. The network takes the nuclear stain. In places 
its strands are vacuolated, the vacuoles being acidophilic. In 
older cells the vacuoles stain more intensively, and according to 
Weissenberg this may be considered the stage at which degene¬ 
ration begins. Joseph (10) has shown that later the surrounding 
epithelial tissue grows into the degenerated lymphocystic cell 
and entirely fills the space within the membrane. The mem¬ 
brane, however, persists. 

The virus of lymphocystic disease and its transmission .— 
Lymphocystic disease of fishes was mentioned in the literature in 
1874 by Lowe(ll) and in 1884 by McIntosh.(12) In 1892 Sande- 
mann(i3) published a more-detailed description of the disease 
and advanced the theory that the large peculiar cells were eggs of 
parasites. This view was later held by Zschiesche(i4) in 1910. 
In 1904 Woodcock advanced the theory that the lymphocystic cells 
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are parasitic protozoans. He designated them Lymphocystis 
johnstonei Woodcock. A few years later Awerinzew, in 1907, 
confirmed these observations. This author while studying the 
metamorphosis of the cells during growth noted a peculiar cell 
inclusion which consisted of a network that stained like chroma¬ 
tin, Awerinzew believed that during the stages of development, 
dustlike particles of chromatin detached themselves from the nu¬ 
cleus and later arranged themselves into a network. He also 
thought that the giant cells divided into further secondary amoe¬ 
boid bodies from which.he thought spores were produced. In 
1914 Weissenberg published a report on lymphocystic disease in 
which he stated that the disease is due to the intracellular location 
of a virus that could not be microscopically demonstrated. In 
1921 this author published an extensive treatise on the entire 
subject and confirmed his previous conclusions in regard to its 
etiology. He states that when healthy and infected bass are 
placed in an aquarium, the healthy bass become infected and the 
previously infected fish show new formations of nodules. Fur¬ 
thermore, if the lymphocystic tumors were scraped off, emulsi¬ 
fied, and placed in an aquarium containing healthy bass, the 
disease developed in about two weeks. A possible criticism of 
such an experiment is, of course, that the fish might have been 
infected before being placed in the aquarium. 

In one experiment Weissenberg transmitted the disease to a 
bass coming from fresh water. This was accomplished by con¬ 
taminating the aquarium with an emulsion of the lymphocystic 
tissue. In another experiment four of six infected fish placed in 
water to which an emulsion of lymphocystic tissue had been 
added, developed new nodules. Of five control fish from the same 
catch placed in fresh uncontaminated water only one developed 
the disease. The author believes that the virus responsible for 
the disease is contained in the lymph tumor cells. The disease 
has appeared as early as nine days under experimental conditions. 
Weissenberg failed to induce the disease by direct inoculation of 
lymphocystic material into the skin of fishes. He states that nine 
days after infection the typical network is not to be found, al¬ 
though the cells are already surrounded by a membrane. To¬ 
ward the end of the second 'week of infection a small spherical 
body differentiates itself within the cell without any relation to 
the nucleus. This body takes the nuclear stain. It changes 
into a disklike body and then passes through stages in which it 
markedly resembles the Guarnieri bodies of the corneal cells of 
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the rabbit inoculated with vaccine virus. This disk later develops 
into the network body. Weissenberg came to the conclusion that 
the network body is a specific reaction product comparable to the 
cellular inclusions of the Chlamydozoa diseases. In 1917 
Joseph came to the same conclusion independently while working 
with lymphocystic disease in a different species, Sargus annularis. 
Joseph also believed that the lymphocystic cells were not foreign 
but that they are the animal’s own elements which hypertrophy 
as a consequence of an intracellular virus. Joseph, contrary to 
the opinion of Weissenberg, believes that it is not always the 
connective-tissue cell that undergoes lymphocystic metamorpho¬ 
sis but that it is the normal organ of the cell, so called “centropho- 
rium,” that hypertrophies and becomes more visible. The term 
corresponds to our present concept of the Golgi apparatus. 

Weissenberg, however, has demonstrated quite clearly that the 
lymphocystic cells originate from the connective tissue. He 
states that the secondary amoeboid bodies described by AWerin- 
zew were most likely degenerated cells invaded by leucocytes. 

This author calls attention to the observation by Calmette and 
Guerin that when vaccine virus is injected into the blood stream 
of rabbits and the skin is subsequently traumatized, the virus 
is localized in the skin at the site of the trauma. Gins, it will 
be recalled, was able to demonstrate Guarnieri bodies within 
three to seven days following intravenous inoculation of vaccine 
virus when the cornea was scarified. Weissenberg states that the 
lymphocystic disease develops earliest and most often on the fins 
where injuries are most likely to occur. The fact that suscep¬ 
tible fishes may be reinfected indicates that little immunity is 
produced, and, if any is produced, it is of very short duration. 

Microscopically the virus has not been identified. It is without 
doubt present in the lymphocystic tumors. Weissenberg suggests 
that the virus rests within the lymphocystic cell and causes its 
hypertrophy. He states that the tinctorial character of the net¬ 
work is different from that of the Golgi apparatus and that the 
multiplicity of the original spherical bodies is against the con¬ 
cept that it is a normal development of the cell. This author 
stands firm in his belief that the network represents a cellular 
inclusion in that it is similar in many of its stages to Guarnieri 
bodies. (A network has also been described in the development 
of the Guarnieri bodies.) Furthermore, in both the lymphocystic 
network and in Guarnieri bodies there are various sizes of bodies 
indicating different stages in development. 
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All attempts to cultivate organisms from the lymphocystic cells 
have been negative. It may be concluded from the available in¬ 
formation that the evidence supports the view that lymphocystic 
disease is similar in many respects to other filterable virus dis¬ 
eases associated with inclusion bodies. No filtration experiments 
have as yet been made with view of experimentally infecting sus¬ 
ceptible fishes with this virus. It is to be hoped that such work 
will be done in the future in view of establishing the true nature 
of the etiology of this disease. 

A lymphocystic disease has been described by Gilruth and Bull, 
in an Australian kangaroo, Macropus species, which is thought 
to be caused by Sarcosporidia. 
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ILLUSTRATIONS 
Plate 40 

Fig. 1. Epithelioma of a fish (Barbus). (After Keysselitz.) 

2. Changes in the nucleus of the epithelial cells in epithelioma; 
1 to 9, serial stages; 10, composite picture of a group of stages. 
(After Keysselitz.) 

Plate 41 

Fig. 1. Carp pox. (After Hofer.) 

2. Cross section through lesion of carp pox, showing increase in the 

epithelium. (After Hofer.) 

3. Carp pox, Myxobolus cyprini with a spore, sp, and yellow body, 

gk. (After Hofer.) 

4. Section through kidney of carp affected with carp pox; ep, epi¬ 

thelial cells of tubules; par, parenchyma cells of kidney; myx, 
Myxobolus cyprini (After Doflein; from Hofer.) 




Fig, 1, Epithelioma of a fish (Barbus). 


2. Changes in the nucleus of the epithelial cells in 
epithelioma. 


PLATE 40. 
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Fig. 1. Intracellular inclusion bodies within young lymphocystie ceils. 2. Cross section of 
lymphocystie ceil of the bass. 


PLATE 43. 
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Plate 42 

Fig* 1 , Lymphocystic disease of a fish. (After Weissenberg.) 

2. Bass covered with lymphocystic nodules. (After Weissenberg.) 

Plate 43 

Fig. 1 . Various stages of deveioment of intracellular inclusion bodies with¬ 
in young lymphocystic cells. (After Weissenberg.) 

2. Cross section of lymphocystic cell of the bass showing chains of 
mitochondria in the center. (After Weissenberg.) 



Chapter XIV 

FILTERABLE VIRUS DISEASES OF PLANTS 

INFECTIOUS CHLOROSIS 

That plants are subject to definite diseases has been recognized 
from the earliest times. Early writers attempted to explain the 
various diseases of plants upon the basis of superstition just as 
the diseases of man and animals were interpreted in this way. 
The history of the diseases of all forms of life is the history 
of human fallibility and error. Through the ages there have 
been magic, superstition, cults, and primitive modes of religious 
belief. Prior to the time of Plenciz (1762) it was a common 
belief that disease was transmitted through the air. Swampy 
land was of particular danger. This was known as the miasma¬ 
tic theory of the origin of disease. With the diseases of plants 
as with the diseases of other forms of life we find records attri¬ 
buting these diseases to various superstitions, definite environ¬ 
mental factors, as drying winds, unfavorable soil, and so on. 
Later when fungi were constantly found to be associated with 
certain diseases of plants, their presence was regarded only as 
a special manifestation of the diseased condition such as pro¬ 
ducts of the changed sap of the plant. 

Phytopathology as a special branch of study is comparatively 
recent though its history begins with the civilization of man. An 
interesting account of the history of plant pathology is contained 
in a paper by Bailey. (1) Plant diseases such as blightings, rusts, 
mildews, and blastings are mentioned in biblical literature. 
These diseases were thought to be an expression of the wrath or 
disfavor of the Deity. Bailey states: 

The true etiology of disease in plants in these ancient days was for 
the most part buried deep in the mystery and superstition from which 
it was a long time in being extricated. Legends were evolved to explain 
the maladies and diseases were dedicated to special gods, such as the 
Roman rust gods, Rubigus and Rubigo, in whose honor annual festivals 
of propitiation were held. From 476 A. D. to the beginning of the seven¬ 
teenth century, which includes the "Dark Ages,” was a dark age for Phy¬ 
topathology, too, but interest was revived in the seventeenth century, 
this'time among the farmers and agriculturists, whereas previously it 
was the philosopher who speculated on the cause of disease while the 
superstitious farmer offered up libations to the gods. 
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There are still farmers who plant certain crops by the dark 
of the moon and in accordance with various local superstitions. 

In 1660, in Rouen, Prance, the first law was enacted for the 
purpose of controlling a plant disease. This law provided for 
the destruction of the barberry, which was thought to bear some 
relation to wheat-rust. During the eighteenth century there was 
an attempt to classify and name the plant diseases. Many of 
the names adopted were similar to names of human diseases, 
such as plant cancer, fevers, tumors, etc. Bailey states: 

It must be remembered that all during this time any fungi found 
associated with disease lesions were considered not as causes of the 
disease, but as abnormal structures resulting from the disease—that is, 
morbid plant tissues. Although more emphasis was now laid on the causal 
nature of such enviromental factors as droughts and freezing, the etiology 
of plant diseases was still largely assigned to super-natural forces. There 
was an occasional leaning toward the autogenetic theory of disease, the 
plant being considered to have Within it a disposition to disease^ Unger 
(1883), a strong advocate of the autogenetic theory, believed that fungi 
originated from the diseased host tissues, but still he recognized them as 
distinct organisms worthy of names and classification. He believed diseases 
were brought about through internal disorganization of the nutritional 
processes, having their origin in a lack of certain chemical constituents 
of the sap. The fungi, or entophytes as he called them, were the trans¬ 
formed sap of these diseased tissues, the morbid sap being exuded into 
the intercellular spaces and there converted under the influence of the 
still living cells of the host into fungus structures. 

Later, during the early part of the nineteenth century, mycolo¬ 
gists discovered that the fungi were independent structures cap¬ 
able of reproducing their kind by means of spores. It was not 
until then, however, that the causative relationship of these 
fungi to disease processes was recognized. In 1853 De Bary 
demonstrated that certain rust and smut diseases are actually 
caused by fungi. Bailey writes: 

Perhaps the last great stage in the development of phytopathology as 
an independent field of work was ushered in by the discovery of Bordeaux 
mixture in 1883 and the subsequent emphasis placed upon the economic 
features of plant pathology. ... the fungicidal properties of Bordeaux 
mixture were learned quite by accident, Millardet, a young Frenchman, 
was a physician who abandoned medicine for the pursuit of botany. 
While attempting to devise control measures with which to combat the 
devastating spread among the wine grapes of an introduced American 
fungus-causing mildew, he accidentally observed the prophylactic effects of 
a mixture of copper sulphate and lime which had been sprinkled on grape¬ 
vines near the road to prevent stealing of the fruit. 

By pure culture methods and experimental infections many 
fungi associated with diseases of plants were identified, classic 
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fied, and their causal relationships to disease established. Like¬ 
wise many diseases were found to be caused by bacterial forms 
similar to those affecting man and animals. The latter half of 
the nineteenth century was an important period in medicine. 
Following the discoveries of Pasteur and Koch new fields were 
opened for investigation and the foundation of modern medicine 
and surgery was laid. Hand in hand with developments in med¬ 
ical science were the discoveries and developments in plant 
pathology. There were, however, a number of diseases affecting 
plants, as well as man and animals, for which no etiologic agents 
could be found. These were known as "physiological diseases.” 
These were thought to be caused by some functional or metabolic 
disturbance. As Smith(2) has stated, they are a heterogenous 
collection of phenomena, agreeing in nothing except that their 
cause is not known. 

Within the last forty years a voluminous literature has ac¬ 
cumulated on the so-called mosaic diseases, a group of diseases 
which have certain features in common. This group of diseases 
presents evidence that they are caused by parasites, and there is 
now general agreement that these parasites fall in the category 
of the ultramicroscopic viruses, since no demonstrable organisms 
have as yet been found which cause them. Furthermore, the 
mosaic diseases of plants have many features in common with 
the filterable virus diseases found in other forms of life—mam¬ 
mals, insects, birds, and fishes. They are readily communi¬ 
cable, and the sap from the diseased plant is capable of inducing 
the infection in healthy plants after it has been passed through a 
bacteria-proof filter. As in several human and animal diseases, 
the mosaic diseases may be transmitted to healthy plants through 
the agency of insects. 

One of the best-known and most thoroughly studied mosaic 
disease is the mosaic disease of tobacco. The disease of tobacco 
manifests itself in various ways. The plant may be entirely 
dwarfed or may show complete or only partial chlorosis. The 
leaves may show curling, dwarfing, mottling, blistering, and dis¬ 
tortion. In Nicotiana tabacum the pink flower may become 
bleached or blotched with white. The virus of mosaic disease 
of tobacco has never been seen. It is present in the sap of the 
diseased plant and may be transmitted to healthy tobacco plants 
by rubbing the sap upon its leaves. The infectious agent pas¬ 
ses through ordinary bacteria-proof filters, but in the case of 
tobaeco^nosaic virus Allard (3) has succeeded in removing the 
infectious principle by means of the Livingstone atmometer 



39,1-4 McKinley: Filterable Virus Diseases 347 

porous cup. The filtrate gives an intense peroxidase reaction, 
which indicates that the infectious principle is not an enzyme in 
nature. 

Mosaic disease affects a variety of plants. Furthermore, there 
is thought to be a specificity of the infectious principles found 
in mosaic-diseased plants of different families, indicating that 
there are several mosaic viruses. Among the plants that are 
affected by mosaic are tobacco, tomato, potato, cucumber, lettuce, 
spinach, sugar-cane, turnip, mustard, cabbage, banana, sugar- 
beet, clover, sweet-pea, bean, maize, and raspberry. Frequently 
other plants affected by mosaic disease have been reported. 

In this section it is our purpose to describe the mosaic disease 
of some of the most important of these plants and present some 
of the fundamental facts that have been learned concerning 
them. As we have previously pointed out it is important that 
investigators in the filterable virus field inform themselves of 
the fundamentals of these diseases as they occur in all forms of 
life. While this review has emphasized principally the human 
diseases of filterable virus origin, we have also been interested 
in similar diseases as they affect animals, insects, birds, and 
fishes. It is also important that we examine the filterable virus 
diseases of plants in order that we may determine the common 
points of convergence in the filterable viruses as they exist 
throughout nature. 

MOSAIC DISEASE OF TOBACCO 

We are indebted to Allard (3) for an extensive study of the 
mosaic disease of tobacco. The work of this investigator has 
resulted in far-reaching conclusions in regard to the etiology of 
this disease. In one of his publications Allard states: “Mosaic 
is one of the most serious and widespread diseases known to 
affect the tobacco plant.” This disease is known locally as 
“calico,” “gray-top,” “mottled top,” “mottling,” and “foxy.” In 
certain localities the terms “Walloon,” “chlorosis,” “brindle,” 
and “mongrel” are also used. 

The mosaic disease of tobacco is of particular interest because 
the first work on this disease, by Iwanowski,(4) is usually con¬ 
sidered the corner stone of the study of all the filterable viruses. 
In 1892 Iwanowski discovered that filtrates of tobacco mosaic 
remained active for several months at ordinary temperatures. 
These early observations of Iwanowski were later independently 
confirmed by Beijerinck,(5) who advanced the theory of the 
possible existence of a “contagium vivum fluidum.” In 1900 
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Heintzel(6) and in 1902 Woods(7) independently concluded that 
mosaic disease of tobacco is caused by oxidizing enzymes. 
Hunger (8) in 1905 published a treatise on the disease in which 
he refuted the theory of Heintzel and Woods that mosaic of to¬ 
bacco is due to enzymes, and suggested that the disease is 
brought about by certain unfavorable conditions of growth 
whereby toxins that lead to the appearance of the disease are 
produced within the plant. In 1914 Allard reported convincing 
evidence that mosaic disease is not of physiological origin but 
that it is caused by a specific infection. Allard states: 

Both in Europe and America the mosaic disease of tobacco has been 
the subject of wide inquiry. Hitherto no investigator has been able to 
offer conclusive evidence which would consistently explain the baffling 
nature and mysterious origin of the disease. Each in his own way, how¬ 
ever, has emphasized a favorite opinion, so that the literature of the 
disease is especially conspicuous for its widely contrasted theories. The 
view seems to be generally accepted that the disease is a physiological or 
functional disorder, although it has long been known that it is more or 
less infectious. For this reason the writer’s experiments were at first 
planned along physiological lines. Facts soon came to light, however, 
which led to the conclusion that the disease must be parasitic in its origin 
rather than physiological or functional. 

In regard to the symptoms of mosaic in tobacco Allard says 
that the following symptoms are more or less characteristic of 
different phases of the disease at one time or another: Partial 
or complete chlorosis; curling of the leaves; dwarfing and dis¬ 
tortion of the leaves; blistering or “savoyed” appearance of the 
leaves; mottling of the leaves with different shades of green; 
dwarfing of the entire plant; dwarfing and distortion of the 
blossoms; blotched or bleached corollas (in Nicotiana tabacum 
only); mosaic sucker growths; and death of tissues (sometimes 
well marked in Nicotiana rustica ). The character of the symp¬ 
toms depends largely upon the age and vigor of the plants when 
they are infected. 

In young plants affected with mosaic downward curling of the 
leaves is one of the first symptoms noted. Later, depending upon 
the conditions under which the plants are raised, there develop 
blisters or the so-called “savoyed” appearance and mottling. As 
the plant approaches maturity the symptoms known as “mot¬ 
tled top” or “gray-top” develop. As the disease develops, a 
great variety of changes are produced in the leaves of the plant. 
The blotched or mottled appearance of the leaves is character¬ 
istic of the disease. Distortions and irregularities of growth 
are not unusual. Plants vary in their response to the virus of 
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mosaic. Some are apparently more resistant than others. Al¬ 
lard believes that the examination of the blossoms affords one of 
the surest indications of the presence of the disease in a tobacco 
plant. He says: 

As a rule, in blossoms of mosaic plants the normal pink coloration is 
present only in lines, specks, or conspicuous blotches* In most instances 
these markings are very irregular in distribution, sometimes involving a 
portion of all of the lobes of the corolla. A rather striking and symmetrical 
color pattern is sometimes afforded by a blossom in which the normal pink 
coloration occurs only as a fine line in the sinus of each corolla lobe. Other 
affected plants produce blossoms all of which are devoid of color, so that 
they appear quite white or very pale. 

In malignant forms of the disease the plants often produce 
depauperate and misshapen blossoms. Apparently these obser¬ 
vations hold only for the pink-flowered varieties of Nicotiana 
tabacum-. Allard has not observed these symptoms in the green, 
purplish yellow, red, or white-flowered species of Nicotiana. 

The symptoms of mosaic do not appear -in all parts of the plant 
at the same time. The symptoms may be localized or general. 
In the former case the only lesions may be a few scattered 
blisters upon an otherwise apparently healthy leaf. As the 
disease progresses it invariably becomes general in that it ap¬ 
pears in other immature growing parts of the affected plants. 
Local lesions may be produced in a number of ways, but the 
symptoms of the disease depend on many other factors, such as 
the resistance of the plant, its vigor, and environmental condi¬ 
tions. Allard was able to transmit the mosaic disease of tobacco 
to a great variety of solanaeeous plants, but his efforts to com¬ 
municate the disease to plants of other families always gave 
negative results. From his transmission experiments he con¬ 
cludes that several species appear to be immune to the disease. 
Furthermore, in the susceptible group some species show a 
greater resistance to the infection than others. Allard inocul¬ 
ated the following plants with tobacco mosaic, and symptoms of 
the disease developed: 

Nicotiana (all varieties of N. tabacum tested and many distinct species 
of Nicotiana). 

Lycopersicon (several of the more distinct varieties of tomato). 

Petunia violacea. 

Physalis (two distinct garden species). 

Datura stramonium and D. tatula. 

Hyoscyamus niger. 

Solanum nigrum and S. carolinense. 

Capsicum (several of the more-distinct varieties). 
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Of the species of Nicotiana inoculated with tobacco-mosaic 
virus Allard was able to produce symptoms in Nicotiana silves- 
tris, N. rustica, N. longiflora, N. alata, N. plumbaginifolia, N. 
forgetiana, N. paniculata, and N. langsdorffii. He was unable 
to infect N. glauca and N. viscosum. 

The incubation period in mosaic disease of tobacco is variable. 
It depends upon several factors, among which are the age of the 
plant, the kind of plant, and various external factors that may 
retard or accelerate growth. Woods reported eight days between 
the time of infection and the appearance of the first symptoms 
of the disease. This is one of the earliest periods yet reported. 
In Allard’s experiments the shortest period between inoculation 
and the appearance of the first symptom of the disease was six 
to seven days. Mayer (9) has reported an incubation period of 
ten to twelve days for the disease. On the average of many 
hundreds of experiments Allard believes that twelve to fifteen 
days is the usual period of incubation. 

According to some authors mosaic disease of tobacco some¬ 
times disappears either spontaneously or under treatment. Both 
Beijerinck and Woods stated that under certain conditions plants 
sometimes appeared to recover from the infection. Lode- 
wijks(io) reports that he has been able to effect a cure of the 
diseased plants by treatment with blue light. By exposing a 
healthy part of the plant this author claims that an “antivirus” 
is produced that destroys the virus of the disease. Allard states 
that covering the affected leaves of the plant would reduce the 
color contrast of the mottled areas and that Lodewijks may have 
mistaken this for cure. In thousands of plants experimentally 
infected by Allard there has not been a single recovery. Gile (11) 
reported the use of solutions of iron salts which he applied to 
the leaves of infected plants. He states that such salts and 
crystals of ferrous sulphate were effective in overcoming pine¬ 
apple chlorosis in Porto Rico. In Allard’s experience this 
method of treating mosaic disease of tobacco has been without 
beneficial effect. In general a rapid and extensive development 
of symptoms is coincident with rapid growth according to Allard. 
Any conditions that retard growth will, it follows, prevent the 
further appearance of mosaic leaves and branches. 

Allard has shown that the excision of all portions of the plant 
showing mosaic symptoms does not rid the plant of the disease. 
Symptoms appear later in the new growing portions of the 
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plants. In .some instances the excision of infected parts appears 
to hasten the development of the disease in other parts. He 
states: “Plants showing mosaic symptoms only in the topmost 
leaves or even in the blossoms alone may be cut completely to 
the ground, yet mosaic symptoms, often of the most malignant 
character, again appear in the shoots which arise from these 
stubs.” 

The virus of mosaic disease of tobacco. —The sap from mosaic- 
infected tobacco plants remains infective after passing through 
a bacteria-proof filter. This has been demonstrated by Iwa- 
nowski, Beijerinck, and Allard and repeatedly confirmed by other 
investigators. Ground and dried mosaic material remains ac¬ 
tive for over a year and a half. The virus was found by Allard 
to be preserved for four months in ether, toluene, and glycerin. 
Filtration of the mosaic-infected juice through Berkefeld and 
Chamberland filters is followed by some loss in infectivity. Its 
infectivity is entirely lost when filtered through the Living¬ 
stone atmometer porous cup. In the latter case, however, the 
filtrate gives an intense peroxidase reaction with guaiac and 
hydrogen peroxide. When filtered through powdered talc under 
three inches of mercury Allard found that the talc, by absorp¬ 
tion, removed all of the peroxidase from the pure virus. By 
reducing the amount of talc the peroxidase content may be in¬ 
creased until limits are reached beyond which the infective 
principle also passes into the filtrate. Some authors.' have found 
that the first portions filtered give an intense peroxidase reaction 
but are not infectious, while later portions contain the infectious 
material. Using the Hirsh porcelain funnel with perforated 
disks covered with filter paper to retain the talc, and filtering 
under reduced pressure of three inches of mercury, Allard found 
that the virus of mosaic is held back while the filtrate gives 
a strong peroxidase reaction. 

Eighty per cent alcohol destroys the virus in thirty minutes, 
but the material still gives a strong peroxidase reaction; 45 to 
50 per cent alcohol does not destroy the virus for several days. 
However, the infectious agent is carried down in the precipitate 
with weak concentrations of alcohol leaving the supernatant non- 
infectious. The supernatant still gives a strong peroxidase 
reaction. Chodat and Bach(i2) have shown that the oxygenase 
in the sap of a species of Lactarium is largely precipitated by 
40 per cent alcohol while the peroxidase remains in solution. 
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The peroxidase precipitated by strong alcohol from the sap of 
mosaic plants is not capable of producing the infection in healthy 
plants. 

Schonbein(i3) has shown that while peroxidase activates 
small amounts of hydrogen peroxide, large amounts of hydro¬ 
gen peroxide will destroy the peroxidases. Hydrogen peroxide 
will then destroy the peroxidase without destroying the infec¬ 
tious properties of the sap. Chodat has demonstrated that for 
constant quantities of peroxidase, the oxidation products in¬ 
crease directly with the amount of hydrogen peroxide present, 
within limits, until all the peroxidase is combined or used up. 
If the virus evolves little or no oxygen upon addition of hydro¬ 
gen peroxide, a very small quantity of this reagent destroys the 
peroxidase. 

According to Loew(i4) the peroxidase of tobacco is unaltered 
in a 5 per cent solution of formaldehyde after forty-eight hours. 
Kastlel^) has found that oxidase of the mushroom, Lepiota 
americana, is not destroyed by a 40 per cent formic-aldehyde 
solution after several days. In Allard’s experiments the virus 
of mosaic disease of tobacco retains its infective properties in 
a solution which contained one part of formaldehyde in one 
thousand parts of virus after thirty-two days. The mosaic 
virus is destroyed by ethyl and methyl alcohol, by aluminum 
hydroxide, by temperatures near the boiling point of water, 
but not at 80° C. when kept at this temperature for a few 
minutes. In some instances five minute exposures at this tem¬ 
perature are sufficient to destroy the virus. 

Allard says: 

The writer's experiments show that peroxidase or catalase in the sap 
of mosaic plants cannot be responsible for the mosaic disease* The same 
enzymes are normally present in healthy plants, but the sap of such plants 
is f without infectious properties* By evaporation the enzymes present in 
healthy sap may be brought to a high concentration, and such solutions 
never acquire infectious properties. By dilution, on the other hand, the 
peroxidase content of mosaic sap may be diminished to such an extent 
that peroxidase reactions are no longer discernible; yet such solutions 
may remain highly infectious. He further concludes that since it has 
been shown that the mosaic disease of tobacco does not occur in the absence 
of infection, neither enzymes nor other normal constituents in the sap of 
healthy plants can be considered responsible for the disease, A specific, 
particulate substance not a normal constituent of healthy plants is the 
c^use of the disease. Since this pathogenic agent is highly infectious and 
is capable of increasing indefinitely within susceptible plants, there is 
every reason ;to Relieve that it is an ultramicroscopic parasite of some-^ind. 
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According to Allard, embryonic transmission of mosaic dis¬ 
ease has not been observed in tobacco plants. There is evid¬ 
ently some barrier that guards against embryonic infection. 

Early in the course of his work on mosaic disease of tobacco 
Allard discovered that the disease may be transmitted from in¬ 
fected plants to healthy plants through the agency of aphids. 
He believes that aphids may sometimes be responsible for the 
occurrence of the disease in the seed bed and its subsequent 
spread in the field. 

The virus of mosaic is active in very high dilutions. In one 
experiment Allard inoculated a group of young plants in three- 
inch pots in the greenhouse by placing a drop of diluted sap, 
1 :10,000, with the point of a needle upon each leaf. The dis¬ 
ease was readily produced, the incubation period ranging from 
seventeen to twenty-five days in this particular experiment. 
Infection may be produced with higher dilutions than this, but 
even this dilution is strong evidence against the theory that 
the disease is produced by enzymes since the actual amount of 
virus in one drop of such a dilution must be exceedingly small. 

It is evident from the work of Allard that the infectious 
principle is not an oxidase since the infectious principle and the 
oxidizing enzymes react independently. Freiberg(i6) has con¬ 
firmed this work but believes that the incitant is an aldehydase. 
This author found that the carbohydrate content of the dark- 
green is higher than of the light-green areas of the leaf, and 
believes that formaldehyde is one of the first products of photo¬ 
synthesis, and that the infective principle is destroyed by a 
specific chemical reaction with formaldehyde and not by its 
antiseptic properties. 

It has been pointed out by Wakefield (17) that the behavior of 
the virus of mosaic disease of tobacco with respect to high and 
low temperatures and various antiseptic solutions is more in 
accord with that of an enzyme than with that of any organism 
at present known. However, this author further states: 

On the other hand, the great objection to the enzyme theory appears 
to be the difficulty of explaining how such a catalyst would originate. If 
one adopts this view, it is necessary to assume that at some period an 
enzyme, or a substance capable of activating enzymes, has arisen in the 
plant de novo —possibly, as Freiberg suggests, as a consequence of some 
disturbance in metabolism. Were this the case, it should be possible to 
induce the disease at any time, by engendering such a disturbance in the 
activities of the plant cell 
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The fact that the virus is active in very high dilutions and 
increases within the tissues of the plant points to a living 
organism rather than an enzyme. 

That the virus of mosaic disease of tobacco is exceedingly 
small is indicated by filtration experiments. Duggar and Kar- 
rer(i8) state that the virus of tobacco mosaic is approximately 
the size of colloidal particles of haemoglobin, which has been 
determined to be about 30 millimicrons. This is also about the 
estimated size of bacteriophage particles. (D’Herelle.) 

The virus of tobacco mosaic has within recent years been 
found to be pathogenic for both tomato and potato plants. 

MOSAIC DISEASE OF TOMATO AND POTATO PLANTS 

The tomato plant is susceptible to mosaic virus as are the 
fruits of the pepper, cucumber, and bean. Mottling is one of 
the most important affections of the tomato. These fruits are 
also affected by russeting or spotting, dwarfing, and distortion. 

Tomato mosaic occurs very commonly in hothouse tomato 
crops according to Gardner and Kendrick, (19) and these authors 
believe that the disease may be carried to the field crops from 
the hothouse. They state, however, that this does not account 
for the great bulk of mosaic infection in the canning crop. 
They were unable to find any evidence of seed transmission. 
In Indiana these authors have found mosaic occurring on sev¬ 
eral perennial weeds such as Physalis subglabrata, P. virginiana, 
P. heterophylla, and Solanum cwrolinense, and the disease has 
been transmitted to tomatoes from each of these species. Aphids 
and flea-beetles may also transmit the disease from Physalis to 
tomatoes. 

Olitsky and Northrop (20) have been able to transmit mosaic 
from mosaic potato plants to tomatoes and to tobacco. The 
signs of the disease in tomatoes and tobacco are identical. 
These authors also found that centrifugalization of the virus 
derived from tobacco, potato, or the tomato at 3,200 revolu¬ 
tions per minute for two hours did not throw down the virus 
and the supernatant fluid induced the infection as quickly, 
actively, and constantly as the sediment. 

Dickson (21) also found that healthy tomato plants inoculated 
with a mixture of viruses from mosaic-diseased tomato and 
potato, or tobacco and potato, developed streaks in about four- 
teen days. This author, however, found that bean-mosaic and 
raspberry-mosaic viruses with tomato-mosaic virus gave nega¬ 
tive results. He believes that the so-called Quebec streak or 
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stripe of tomato is caused by a double infection with the viruses 
of potato and tomato mosaic, tobacco mosaic in this case being 
considered the same as tomato mosaic. 

Mosaic disease of potatoes has been thought by some inves¬ 
tigators to be caused by the same virus that affects tobacco. 
Johnson (22) states that tobacco mosaic produces brown or black 
necrotic lesions on the stems and petioles of potatoes at the 
point of inoculation but that tobacco-mosaic infection is not 
found to be systemic in the potato and that the potato cannot be 
said to be a typical host of tobacco mosaic. Schultz(23) has 
described in detail the mosaic disease of the potato. Previous 
descriptions were also published by Melchers, (24) Melhus,(25) 
Murphy,(26) and Stewart.(27) Schultz states: 

On Green Mountain or Bliss Triumph potatoes, the leaves of affected 
plants are characterized by mottling which is produced by the presence 
of light green areas on the foliage. These areas may occur on any part 
of the leaf; they may include or adjoin sections of the larger veins or 
not come in contact with them. The light green patches vary greatly 
in shape, being punctate, elongate, circular, angular, and irregular. . . . 
Their dimensions seldom exceed a few millimeters. . . . Furthermore, in 
the more advanced stages the foliage presents a characteristic crinkled 
or corrugated appearance. In these stages the diseased plants are fre¬ 
quently dwarfed because the stems, the leaf petioles, and leaf blades are 
considerably shortened or reduced in size. The symptoms as described 
above are not so marked in certain other varieties—for example, in Blue 
Victor, Early Rose, Irish Cobbler, Pearl, White Bliss, Carmen, Early Dix, 
Netted Gem, Peach Blow, Portuguese Purple, and Spaulding Rose. In 
the first five named, decided rugosity is a characteristic of the disease. 

No symptoms have been discovered by which mosaic can be 
recognized in the dormant tubers. That mosaic plants are 
produced from infected tubers is now certain. Schultz has 
shown that potato mosaic may be transmitted by transferring 
juice from a diseased plant to a healthy plant, by grafting, by 
at least two species of aphids, and by infected tubers. Accord¬ 
ing to this author the symptoms of potato mosaic are modified 
by various climatic and environmental conditions. 

With regard to the effect of tobacco mosaic on potatoes there 
appear to be two different manifestations. The black necrotic 
lesions of Johnson have already been mentioned. Fernow(28) 
has reported symptoms similar to the streak of potatoes de¬ 
scribed by Schultz and Folsom.(29) Blodgett(30) states in this 
connection: 

The author’s results agree with those obtained by Johnson and with 
those obtained by Fernow. The seeming difference arose from the fact 
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that Johnson had used Bliss Triumph potatoes for inoculation with to¬ 
bacco mosaic, while Femow had used Green Mountains. On Bliss 
Triumphs, local necrotic lesions were produced at the points of inoculation, 
with no systemic infection. On Green Mountains the symptoms were 
much like those described for streak, consisting of streaks on the stems 
and veins and necrotic spotting' on the leaves. 

It is apparent from the above discussion that the mosaic 
virus of tobacco is pathogenic for both potatoes and tomatoes 
and vice versa. There is apparently a close relationship be¬ 
tween these viruses if, indeed, they are not identical. 

MOSAIC DISEASE OF CUCUMBERS 

In 1902 Selby (31) in Ohio and in 1910 Stone (32) in Massa¬ 
chusetts reported a mosaic disease on the leaves of cucumbers 
grown in the greenhouse. Clinton (32) in 1908 noted chlorosis 
of muskmelon leaves in Connecticut. In 1916 Gilbert, (34) 
Jagger,(35) and Doolittle (36) demonstrated the infectious nature 
of this disease for cucumbers, although Selby had stated in 
1910 that cucumber mosaic was transmitted like that on to¬ 
bacco. The cucumber mosaic is widespread throughout the 
United States. 

Doolittle in 1920 reported his extensive work on this mosaic 
disease. This author has demonstrated that the virus is filter¬ 
able and that the filtered juice from diseased plants is capable 
of inducing the infection in healthy plants. The disease ap¬ 
pears both in the field and in the greenhouse, and nearly all culti¬ 
vated cucurbits are susceptible. The diseased plants show a 
yellow mottling on the leaves and also a wrinkled or savoyed 
appearance. The older leaves turn yellow and die. The stems 
terminate in clusters of dwarfed leaves. Mosaic fruits of the 
cucumber are mottled with green and yellow and frequently 
develop wartlike growths. Doolittle says: 

Nearly all species and varieties of the genera Cucumis, Cucurbita, La- 
genaria, Lnffa, Momordica, Trichosanthes, Ecballium, Benineasa,, Micram- 
pelis, and Sicyos are susceptible to the disease, but the Citrullus species 
seem to be partially resistant. 

No visible causal organism has been associated with cucur¬ 
bit mosaic. The mosaic virus is destroyed when heated above 
70° C. It is also destroyed by formaldehyde, phenol, and cop¬ 
per sulphate in 0.5 per cent solution and by mercuric chloride 
in a 1:2,000 dilution. Ten per cent chloroform also destroys 
the virus, but 5 per cent is apparently harmless. The virus is 
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contained in the juice of the diseased plant and remains infec¬ 
tive even when diluted to 1 :10,000. The infectious agent pas¬ 
ses through the pores of a Berkefeld filter but is held back by the 
Chamberland filters. The virus remains infectious only for 
twenty-four to forty-eight hours in expressed juice and is readily 
destroyed by desiccation. 

The mosaic diseases of tobacco, tomato, bean, potato, and 
pokeweed do not affect the cucumber. Mosaic of cucumbers is 
tra nsmi tted by insects such as the melon aphis and the cucumber 
beetle. 

Doolittle states that the wild cucumber is affected with a 
mosaic disease identical with that on the cucumber and suggests 
the importance of wild hosts as a means of overwintering the 
mosaic disease. With regard to the incubation period he states 
that young cucumber plants may show the first visible signs 
of the disease within four or five days after inoculation and 
rarely later than eight or nine days. In older plants the dis¬ 
ease appears within ten to fourteen days after inoculation. 

Elmer(37) states: “It is generally held that mosaic of the 
Cucurbitaceae, Solanaceae and Leguminoceae are all quite spec¬ 
ific within the same family and with few exceptions transmis¬ 
sible only to species within the same family.” This author 
reports that he has been able to produce cross-infections be¬ 
tween these families. He states: 

Cross-inoculation experiments by the writer have shown that the mo¬ 
saic diseases of the Cucurbitaceae, Solanaceae and Leguminoceae are 
inter-transmissible. Four petunia plants inoculated with mosaic from 
crookneck squash became infected while an equal number of checks re¬ 
mained healthy. . . . four crookneck squash plants were inoculated with 
mosaic from tomato, and four with mosaic from tobacco. All of these 
plants became infected. Similarly a tobacco and two tomato plants were 
inoculated with juice from mosaic crookneck squash leaves and became 
infeeted. All cheeks remained healthy. ... At the same time five to¬ 
bacco plants were similarly inoculated with mosaic cucumber tissue and 
one of the five became infected. . . . An attempt to inoculate tomatoes 
with mosaic from catnip, Nepeta cataria, resulted in three of the five 
plants inoculated becoming infected while an equal number of checks 
remained healthy. 

Elmer believes that infection with mosaic is to a large degree 
determined by the growth condition of the plant. From his 
work, if carefully confirmed by others, it must appear that the 
various mosaic viruses are very closely related. To what de¬ 
gree intertransmission of mosaic virus occurs under field con- 
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ditions between the different families should of course be 
determined. Without doubt the virus of mosaic overwinters in 
some plants in the field, just as it is known to overwinter in the 
greenhouse. In many instances the infection is present in the 
seed bed when planting is begun in the spring. 

MOSAIC DISEASE OF LETTUCE, CABBAGE, MUSTARD, TURNIP, 
AND SPINACH 

In 1921 Schultz (38) described a transmissible mosaic disease 
of Chinese cabbage, mustard, and turnip. During the same 
year Jagger(39) reported a mosaic disease of lettuce. 

The mosaic disease of Chinese cabbage, mustard, and turnip 
is characterized by a distinct mottling of the leaves which is 
very similar to that of mosaic disease of the Solanacese. The 
mottling is seen as light green and dark green areas on the 
leaves. Also there is a characteristic ruffling and distorting 
of the leaf surface. According to Schultz, the dark green 
patches appear on the raised areas. He states that "The leaf 
margins frequently are much more irregular than in healthy 
plants, causing some of the leaves to appear somewhat unsym- 
metrical. In addition to these common abnormalities on the 
leaves the entire plant may be dwarfed, and the flower stalk 
and number of blossoms may be considerably reduced.” Schultz 
was able to transmit this disease to healthy plants when juice 
from diseased plants was introduced into plants of the same 
or related species. He was unable to infect these plants with 
mosaic virus taken from mosaic potato. The incubation period 
in experimentally inoculated plants was found to range be¬ 
tween twenty and thirty days which is very close to the in¬ 
cubation period of mosaic disease in the Irish potato. The 
disease is also transmitted from diseased plants to healthy 
plants by aphids as is the case with tobacco mosaic, spinach 
blight (according to McClintock and Smith (40) ) ( and mosaic 
disease of potatoes. The mosaic disease of the crucifers, how¬ 
ever, was not transmitted to the morning-glory by aphids which 
transmitted mosaic to healthy crucifers. The plants inoculated 
by means of aphids developed the mosaic symptoms only on the 
younger leaves; this was also the case in experiments in which 
the virus was inoculated by rubbing. Mustard seed from mosaic 
mustard plants developed healthy seedlings according to Schultz. 

Jagger studied mosaic disease in Romaine lettuce and in a 
variety of head lettuce. In lettuce the symptoms of mosaic 
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begin as a yellowish discoloration along the smaller veins, of the 
younger expanding leaves. Gradually the entire plant becomes 
yellow. On close examination irregular blotches of a normal 
green color are found located along the larger leaf veins. The 
diseased leaves also show wrinkling. The blotching was found 
by dagger to be more pronounced on Romaine lettuce than on 
head lettuce. Generally the diseased plants are stunted. Jag- 
ger says: 

In severe cases the plants were decidedly undersized, and occasionally 
the leaves formed only a rosette, with no indications of a folding together 
of the tips to form f a head. . . . Often plants that showed marked dis¬ 
coloration, mottling, and stunting soon after becoming diseased would later 
seem to recover in part and to make a more or less normal growth with 
only slight discoloration and mottling. 

dagger successfully transmitted the disease by aphids from 
diseased plants to healthy plants, and from the symptoms and 
general character of the disease he believes that it should un¬ 
doubtedly be recognized as a true mosaic disease of lettuce. 

Mosaic disease of turnips is readily produced experimentally 
by artificial inoculation. The symptoms of the disease are in 
general those described for mosaic of other plants. Following 
artificial inoculation Gardner found that healthy turnip plants 
developed mosaic within sixteen days. Raddish plants inocul¬ 
ated with the same virus by this author remained negative. 

MOSAIC DISEASE OF SUGAR CANE 

Mosaic disease of sugar cane was apparently first noted in 
Java in 1890, where it was known as “yellow stripe,” but it was 
not thought to be infectious by the Dutch. The disease had 
undoubtedly been present for years in Java but little attention 
was given it. In 1909 Dutch investigators reported yellow 
stripe in Egypt on cane imported from Java, and it was noted 
a year later in the Hawaiian Islands. In 1916 the disease 
was first seen in Porto Rico. There it has been called matizado, 
“mottling;” rayas amarillas, “yellow stripe;” morida de perro, 
“dog bite;” la enfermedad de Arecibo, “disease of Arecibo” 
(because it originated in Porto Rico in the neighborhood of Are¬ 
cibo) , and by many other names. The disease was first noted 
in the United States just prior to 1919. It was then discovered 
in Porto Rico on young cane which had been received from the 
United States. Since 1919 the disease has been found in many 
parts of the United States, the Philippines, Cuba, and other 
parts of the world. 
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In 1919 Brandes(4i) published an extensive paper on mosaic 
disease of sugar cane. This, author describes the symptoms of 
sugar-cane mosaic as primary and secondary. He states: 

Upon walking between the rows of cane in an affected field, more or 
less plants will be seen that are conspicuous on account of a general pallor 
of the leaves. This may be discernible for many rods. Closer examina¬ 
tion of such plants reveals that the pallor is due to irregular light-colored 
streaks or spots on the leaves. The affected leaf areas, in so far as color 
is concerned, are of two distinct types. The most common type presents 
merely a “washed-out” appearance. ... In the second type, the yellow 
is predominant, and the affected areas have a decided yellowish green 
appearance. The normal and affected areas are sharply demarlccd. In 
other words there is a gradual merging of one color into the other. 

In young leaves of ribbon cane the light areas are found as 
short narrow streaks that may run together at the ends and 
appear very long. There are many variations. In older leaves 
the streaks are confluent and the general effect is one of pallid¬ 
ness or yellowness. The disease is never fatal during the first 
year. The more serious effects are in first ratoons of cane 
which became infected the previous year or in plants coming 
from diseased cuttings. In these plants the symptoms consist 
of white opaque spots and streaks. About 20 to 30 per cent of 
the entire surface is involved. These areas remain firm and do 
not rot out. Later another symptom of mosaic appears which 
consists of stripping or cankering of the stalk. These signs 
appear as discolored or water-soaked patches or longitudinal 
streaks on the internodes. In some instances these areas be¬ 
come depressed. Cracks resulting from the drying out of the 
cane may appear. Brandes says: 

When a large portion of the plants in a field are infested, the aspect 
in general resembles the effect of a severe drought. The foliage of the 
entire field is yellowish, and the plants are more or less noticeably stunted. 
Where a row of some immune variety is planted in or near the badly 
infested field, the contrast in color is exceedingly conspicuous and the 
dwarfed habit of infected plants is more noticeable. It is possible to 
recognize such fields from a distance of half a mile or more on account 
of their sickly, dry appearance. 

There are many degrees of involvement in sugar-cane mosaic. 
Some species of sugar cane are markedly resistant, while others 
are exceedingly susceptible to the virus, The writer has seen 
mosaic on several varieties of cane in the Philippines and in 
Porto Rico where the disease is generally wide spread. The 
Japanese canes are as a rule immune to the virus. This cane 
is also known as the North Indian type. The Kavangire variety 
is also immune and is found in Argentine, Porto Rico, and other 
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places. This variety has never been found infected and has 
grown side by side with other canes in Porto Rico which were 
heavily infected. There are many other hosts for the mosaic 
virus of sugar cane, such as corn, sorghum, rice, millet, crab- 
grass, foxtail, and Panicum. The virus is the same for all of 
these plants according to Brandes. 

It is now well recognized that cuttings from infected stalks 
invariably give rise to infected plants. The young shoots are 
seen to be infected as soon as they appear. These are consid¬ 
ered primary infections. As the cane develops secondary in¬ 
fections take place and these are thought to be due to some 
carrier, perhaps an insect, since insects are known to transmit 
other mosaic diseases, such as the mosaic of tobacco, tomato, 
and potato. Brandes states that field disease is accompanied 
or preceded by severe insect infestation. The cane leaf hopper, 
Tittigonia species, has been noted to be particularly prevalent 
during the spread of the disease. Brandes has established the 
fact that Aphis maiclis is able to transmit sugar-cane mosaic. 
Ledeboer(42) in Java transmitted the disease with Aphis sac- 
chari as well as A. maidis. This has been further confirmed 
by Bruner(43) in Cuba and by Kunkel(44) in Hawaii. 

Edgerton and Taggart(45) believe that the disease in many 
instances will tend to disappear if allowed to take its course. 
They have observed that the susceptible varieties tend to be 
eliminated while the stronger plants survive and that gradually 
less and less of the disease is seen under these conditions. They 
do not advocate elimination of control measures where these 
are possible but suggest this doctrine which might be termed 
“the survival of the fittest.” 

Sugar cane itself is a perennial, and the mosaic virus survives 
the winter in the stubble. The virus can be recovered from the 
stubble, and healthy plants can be experimentally infected 
either by direct inoculation or by insect carriers. Control of 
this disease by destroying the stubble has been suggested and 
offers decided assistance, but there are many other hosts for the 
sugar-cane or grass mosaic and it is difficult to destroy all of 
these. Brandes and Klaphaak(46) have reported at least thir¬ 
teen species of grass that are susceptible to the grass mosaic as 
indicated by experimental inoculation. All species tested for 
seed transmission by this author gave negative results. 

Brandes has been able to transmit the disease to healthy plants 
with juice expressed from diseased plants. The early Dutch 
investigators uniformly failed in this. Stevenson (47) reported 
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hundreds of inoculations in several varieties of cane with several 
methods, but his results were entirely negative. Brandes ex¬ 
pressed the infected juice under mineral oil and by careful ino¬ 
culation produced the disease in susceptible healthy plants. He 
states: 

That cane mosaic is analogous with other mosaic diseases is brought 
out by a number of facts, aside from the visible signs of the disease. 
As in many other mosaics, the infectious material does not seem to be 
highly specialized, but may attack other plants in the same family. The 
cell sap of infected plants contains some organism, not visible by ordinary 
means, which is capable of inducing the infection when injected into 
healthy plants. Leaves which are mature at the time of inoculation never 
show any signs of the mosaic. This fact, typical of all mosaics, has been 
brought out in all inoculation experiments with sugar cane. 

While the properties of the virus of sugar-cane mosaic are 
not as well known as those of tobacco mosaic, it appears to be 
evident that in sugar-cane mosaic we are dealing with an ultra- 
microscopic virus which is quite similar to mosaic viruses found 
in other plants. More information bearing upon the nature 
of the virus itself is very much needed and should receive at¬ 
tention in future investigations on this disease. 

MOSAIC DISEASES OP OTHER PLANTS 

Infectious chloroses have been described for a large number 
of hosts. Among these may be mentioned the banana, sugar 
beet, bean, maize, raspberry, privet, laburnum, ash, European 
mountain ash, hop tree, and Japanese burning bush. Mosaic 
disease is a type of chlorosis. Clinton (48) has classified the 
various types of chlorosis as follows: 

1. Infectious chlorosis. 

A. Communicable through the juice. 

B. Communicable through the tissues. 

а. By buds. 

б. By grafts. 

2. Noninfectious chlorosis. 

A. Nonperpetuating. 

a. Affecting plants generally. 

b. Affecting isolated leaves or branches. 

B. Perpetuating. 

a. Through seeds. 

b. Through cuttings. 

c. Through buds or grafts. 

The mosaic diseases are infectious and are communicable 
through the juice. Because of the mottling on some species the 
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term “infectious mosaic” has been employed. In the majority of 
horticultural variegated varieties of plants, such as the crotons, 
oleander, and Pittosporum, chlorosis is noninfectious and can¬ 
not be communicated either with plant juices or by grafting. 
The true mosaie diseases are transmitted through the juice, and 
the infectious principle has been demonstrated in the juice of 
many plants. In no case of infectious chlorosis is the virus 
transmitted to the embryo plant in the seed. (See Heald’s 
Manual of Plant Diseases.) 

From the original mosaic disease of tobacco numerous mosaic 
diseases are now known in other species of Solanacese, Curcur- 
bitacese, Leguminosese, and Graminese as well as in more than 
twenty additional families. Rankin(49) and Bennett(50) have 
recently published extensive reports on mosaic of raspberries. 
In general these studies indicate that the mosaic disease of 
raspberries is similar to mosaic in other plants. 

Mosaic disease is apparently widespread in nature and affects 
plants of many families. For the present, we must regard these 
diseases as being caused by ultramicroseopic viruses. 

CAUSAL AGENCY IN MOSAIC DISEASES 

Several theories have been advanced to explain the causal 
agency in mosaic diseases; namely, the bacterial theory, the 
enzyme theory, the filterable virus theory, and the protozoan 
theory. 

In general it may be stated that the bacterial theory is with¬ 
out foundation. None of the advocates of this theory have pre¬ 
sented any experimental evidence that will permit serious con¬ 
sideration of it. The enzyme theory is supported by the fact 
that the infectious principle is absorbed by talc as is charac¬ 
teristic of colloidal compounds, including enzymes, and by the 
reaction between the infective principle and formaldehyde and 
by the resistance of the virus to antiseptics. The infectious 
substance is also destroyed by concentrations of alcohol that 
inactivate enzymes and by the same temperatures that are de¬ 
structive to enzymes. On the other hand most of the investiga¬ 
tors who have studied mosaic point out that if the infectious 
principle is an enzyme it will be necessary to assume that en¬ 
zymes have the power to initiate the production of the same 
enzyme when introduced into the normal plant cell, since the 
infectious substance is propagated indefinitely in susceptible 
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plants. Most investigators are unwilling to admit this. In this 
respect we have a close analogy in the bacteriophage of d’Herelle. 

The filterable virus theory has been fully discussed at the 
beginning of this section. There seems to be abundant evi¬ 
dence to support this concept and most investigators are inclined 
to this view. 

The protozoan theory has within recent years attracted great 
attention. A number of early workers described amcebalike 
bodies in the cells of mosaic tobacco plants. Recent workers 
have found plasmalike bodies in the cells of plants affected by 
several virus diseases. Matz(5i) in 1919 described such bodies 
in mosaic diseases of sugar cane. Kunkel(52) found them in 
corn; Palm,(53) Goldstein,(54) and Rawlins and Johnson(55) 
in mosaic-affected tobacco; McKinney, Webb, and Eckerson(56) 
in wheat rosette, and Smith (57) noted them in potato mosaic. 
The exact nature of these bodies is little known. Their relation 
to the cause of mosaic disease has been rightly questioned. Palm 
designated the bodies found by him in tobacco mosaic Strongy- 
loplasma iwanowskii. Nelson (58) in 1922 described certain pro¬ 
tozoans in plants affected with mosaic and other related diseases. 
In the phloem of the bean and clover plants this author found 
organisms which he identified as biflagellates. Also organisms 
were found in the sieve tubes of mosaic tomato and potato leaf- 
roll plants which he thought to be trypanosomes, Duggar and 
Karrer(59) soon reported that the structures Nelson described 
as protozoans were normal inclusions both in healthy and dis¬ 
eased plants and were apparently without significance. 

In a recent report on the cytology of mosaic disease Smith (60) 
confirmed the observations of Goldstein that the vacuolated 
bodies in the epidermal and hair cells of leaves of tobacco plants 
were not associated with the nuclei but were carried through 
the cells in the protoplasmic streams. This author, however, 
did not observe any autonomous movements in the vacuolated 
bodies and in only one instance observed a limiting membrane. 
Smith observed in Petunia two distinct movements of the va¬ 
cuolated bodies, one a migration through the cell, and the second 
“a combination of the effect of force exerted on the mobile body 
by the streaming protoplasm and the apparent changes in form 
due to its turning over in the streams.” Smith also exposed 
mosaic tobacco juice to the action of the abiotic rays and found 
that filtered mosaic tobacco juice was inactivated within thirty 
minutes, while B. prodigiasus was killed in thirty seconds. 
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This she considers as evidence against the theory that the causal 
agent is an organism. This author concludes that “the vacuol¬ 
ated and granular bodies discussed in this paper are associated 
directly with the causal agency rather than with the chlorosis 
which results from the presence of the virus in the plant.” 
Smith favors the view, however, that they do not represent the 
causal agency, but are rather the product of a reaction between 
it and the cytoplasm of the cells. 

At the present time it may be stated that the opinions of 
investigators who have worked with the various mosaic diseases 
is that the protozoan theory of the etiology of mosaic is hardly 
worthy of serious consideration. As in many animal diseases 
inclusion bodies in plants have been mistaken for parasites. 
Just what the nature of these inclusion bodies is must be de¬ 
termined by future investigation. They are not associated with 
noninfectious chlorosis. This seems to be added evidence that 
the mosaic diseases are caused by ultramicroscopic viruses, since 
similar bodies have been found in many other diseases known 
or thought to be caused by agents of this nature. 
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ILLUSTRATIONS 
Plate 44 

Mosaic disease of tobacco. 

Plate 45 

Fig, 1, Corollas of American varieties of Nicotiana tabacum , showing va¬ 
rious degrees of mottling produced by the mosaic disease; 
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Fig. 1. Corollas of American varieties of Nicotiana tabacum, showing various degrees of 
mottling. 2. Buds of Niootiana tabacum. 


PLATE 45. MOSAIC DISEASE OF TOBACCO. 









McKinley: Filterable Virus Diseases.] 


[Philip. Journ. Sci., 39, 1-4. 



Fig, 1. Mosaic leaves, fruits, and branch of cucumber* 2 and 3. Mosaic disease in tomato 

plant. 


PLATE 46. MOSAIC DISEASE OF CUCUMBER AND OF TOMATO. 
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PLATE 48. MOSAIC DISEASE INDUCED BY APHIDS IN TURNIP AND IN MUSTARD. 
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PLATE 49. MOSAIC DISEASE OF SUGAR CANE. 
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PLATE 50. BEAN PLANT AFFECTED WITH MOSAIC, SHOWING TYPICAL MOTTLING AND 

DISTORTION OF FOLIAGE. 
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PLATE 51. PHOTOMICROGRAPH OF ELONGATED BIFLAGELLATE PROTOZOAN IN SIEVE 
TUBE OF MOSAIC BEAN PLANT. 
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a, normal pink blossom; b, mosaic blossom which is entirely 
white. 

Fig. 2. Buds of Nicotiana tabacum; a, showing distorted and other de¬ 
pauperate buds produced by the mosaic disease; b, normal, 
healthy buds. (After Allard.) 

Plate 46 

Fig. X. Mosaic leaves, fruits, and branch of cucumber. (After Doolittle.) 

2. Longitudinal section through phloem tissue of mosaic tomato plant; 

a , two trypanosome-like organisms lying side by side in a sieve 
tube; b, two of the organisms attached to each other- by pos¬ 
terior ends of the body; c, an organism apparently passing 
directly through walls of the sieve tube; d, sieve tube. (After 
Nelson.) 

3. Longitudinal section of phloem tissue in tomato plant affected 

with mosaic; a, trypanosome; 6, cell nucleus; c, sieve tube. 
(After Nelson.) 

Plate 47 

Fig. 1 . Leaves of Eomaine lettuce. Leaf in center from healthy plant; 

two others from mosaic plants, one showing pronounced type of 
mottling and the other general yellowish discoloration. 

2. Young expanding leaves of head lettuce. Leaf on left from healthy 
plant; two others from plant in early stages of the mosaic 
disease. (After Jagger.) 

Plate 48 

Mosaic disease; a, leaf from, healthy turnip, control to leaf, b, from mosaic 
turnip, mosaic induced by aphids; c, leaf from healthy mustard, 
control to leaf, d, from mosaic mustard, mosaic induced by 
aphids. (After Schultz.) 

Plate 49 

Mosaic disease of sugar cane. 

Plate 50 

Bean plant affected with mosaic, showing typical mottling and distortion 
of foliage. (After Nelson.) 

Plate 51 

Photomicrograph of elongated biflagellate protozoan in sieve tube of 
mosaic bean plant; a, elongated organism of type 1; 6, flagellum; 
c, ovaliform flagellate, type 2; d } cell nucleus with deeply-stained 
nucleolus in center. (After Nelson.) 

Plate 52 

Bacteriophage lytic for B. coli showing lytic plaques on plates and in 
tubes. Note small number of plaques in dilution of 1:100,000 
as compared to dilution of 1:10,000. The tubes represent suc¬ 
cessive dilutions of the lytic principle from 1:10 to 1:100,000. 



Chapter XV 


THE BACTERIOPHAGE 

Definition .—The word bacteriophage means “bacteria eater” 
and represents the term applied to a bacterial lytic principle by 
d’Herelle(i) in 1917. At present the bacteriophage can only 
be defined as a “substance,” “agent,” or “principle” which is 
filterable through the finest porcelain filters and which is cap¬ 
able of bringing about the dissolution of certain bacteria. 
Some investigators regard the bacteriophage as a living filter¬ 
able virus; others believe the lytic principle to be of the nature 
of an enzyme; while there are those who think of this “agent” 
as a product of bacterial dissociation, autolysis, or as a heredi¬ 
tary by-product of the bacteria. Since opinion has been so 
divided in the past decade during which this agent has been 
studied, it is impossible to define its nature accurately. Of its 
properties and activities we know more. At the end of this 
section will be found a critical opinion of its nature based upon 
the facts that have been adduced by accepted experimental 
methods. For the present we will consider the bacteriophage 
as a filterable lytic agent, active in extremely high dilutions, 
capable of increasing in quantity at the expense of the lysed 
bacterium, and as a “substance” almost constantly present in 
the intestines of man and animals. 

History and distribution. —In 1915 Twort(2) published the 
paper “An investigation on the nature of ultramicroscopic vi¬ 
ruses.” In this paper Twort described certain transparent 
areas in a culture of staphylococci in which no cocci grew. 
Touching one of these transparent areas with a sterile platinum 
loop and then drawing the loop across the surface of a twenty- 
four-hour agar culture of staphylococci, he found, after a few 
hours, marking the tract of the loop a streak which had become 
clear and transparent. Filtering his material from these trans¬ 
parent areas through a Berkefeld filter, he found that the 
filtrate would dissolve and kill most of the organisms in fresh 
staphylococcus cultures even in dilutions of one to a million. 
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It is interesting to note that this first scientific description of 
a “lytic principle” for bacteria, that is transmissible in series, 
was discovered in a culture of an organism that is Gram-positive. 
Except for the observation of Hankin in 1896 this is the 
first printed record concerning the bacteriophage. Hankin, (3) 
nearly twenty years before, described the bactericidal action 
of the water of the Ganges and Jumna Rivers in India for the 
cholera vibrio, but the idea of bacteriophage was not suggested 
by him. To Twort belongs the credit for being the first to 
bring this phenomenon to the attention of other investigators. 

Previous to 1916 d’Herelle was interested in a peculiar dis¬ 
ease affecting locusts that he believed to be caused by a fil¬ 
terable virus, although coccobacillus was easily cultivated from 
the infected locusts and frequently presented cultural irregular¬ 
ities which puzzled him. Some colonies of this bacillus pos¬ 
sessed indented irregular contours and at times there were areas 
entirely free from growth. D’Herelle was inclined to consider 
this disease as caused by a filterable virus but having an “as¬ 
sociated” organism, the coccobacillus, such as exists in hog chol¬ 
era. Experiments with this disease of locusts led to his obser¬ 
vations of the bacteriophage. In one of his books on the bac¬ 
teriophage d’Herelle describes his first experiments which led 
to the discovery of the bacteriophage in the stools of dysentery 
patients. He says: 

In August, 1916, an adult with a severe bacillary dysentery (Shiga) 
was under treatment in the Pasteur Hospital. Each day about 10 drops 
of the stool were collected and placed in a tube of 1 bouillon. After incu¬ 
bation over night the suspension was filtered through a Chamberland 
candle. Into some bouillon, previously inoculated with Shiga bacilli, about 
10 drops of this filtrate were placed, and the material was returned to 
the incubator at 37° C. . . . Throughout the duration of the disease, all 
of the tubes, prepared each day in the same manner, gave normal cul¬ 
tures of B. dysenteriae. One day, the tube prepared the day before 
remained sterile. Investigation showed that the patient gave evidence of 
notable improvement, and, as appeared later, this was shortly followed by 
definite convalescence. ... To the bouillon thus inoculated and containing 
filtrate, and which had remained to all appearances sterile, a suspension 
of Shiga bacilli derived from a fresh agar culture was added to yield 
a marked turbidity. This tube was placed in the incubator. After about 
ten hours it was again clear. . . . This, of course, made it at once ap¬ 
parent that my first hypothesis was of necessity false, the truth of the 
matter being that the fecal material used in preparing the filtrate con¬ 
tained something which dissolved the dysentery bacilli. Nevertheless, my 
242402-24 
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first hypothesis had one virtue, since, as it had led me for such a long 
time to consider the question of a virus pathogenic for the man or the 
animal, it offered the suggestion that the dissolving principle might be 
a virus pathogenic for the bacterium. 

Thus the discovery of the bacteriophage was made by d’He- 
relle in the stools of dysentery patients, and the filterable virus 
theory of the nature of the bacteriophage was conceived. Dur¬ 
ing the past ten years d’Herelle has attempted to prove his 
theory of the virus nature of the bacteriophage. Other investi¬ 
gators have presented experimental data opposing this view, 
which to the conservative mind has appeared fantastic and a 
conclusion unwarranted by the facts that have been presented 
in its favor. 

That there exist diverse strains of bacteriophage is now 
well recognized. Sewage universally contains bacteriophage. 
Consequently rivers receiving sewage from towns and cities fre¬ 
quently contain different strains of bacteriophage. We have 
isolated such strains from various streams and sewage supplies 
in America, Porto Rico, and the Philippines. Isolation of bac¬ 
teriophage active against the colon bacillus is a very simple 
matter with sewage as a .source of material. Strains of bac¬ 
teriophage have also been isolated from the stools of man and 
animals, from the urine and blood of patients, from old labor¬ 
atory cultures, from the nodules of plants, from, the tissues of 
man and animals, and from the intestines of silkworms. From 
the Pasig River in the Philippines we have isolated bacterio¬ 
phage active against B. coli, B. typhosus, B. dysenterise Shiga, 
and B. dysenterise Flexner. In this stream untold numbers of 
carabaos wallow during every hour of the day. Excreta from 
sueh animals have been found by Basaca to be loaded with bac¬ 
teriophage. Bacteriophage has been isolated from the water of 
the Seine by Dumas, (4) and Collins (5) has reported its presence 
in the Huron River in Michigan. It can be stated definitely 
that all streams receiving sewage will be found to contain bac¬ 
teriophage lytic for some organism, practically always for some 
strain of B. coli. The bacteriophage then originates in the 
intestines of man and animals and perhaps other forms of life 
such as insects, etc. Since the intestinal tract of man and 
animals is universally contaminated with B. coli, a commensal 
microorganism, it is suggested that the bacteriophage is in 
many instances associated with this bacterium or some other 
bacterial form. Experimental evidence to support this sugges¬ 
tion will be presented later. 
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Theories concerning the nature of the bacteriophage. —Sev¬ 
eral theories or hypotheses have been suggested to explain the 
phenomenon of bacteriophagy. D’Herelle, since his first work 
with the lytic principle, has considered the bacteriophage as a 
living ultramicroscopic and filterable virus, foreign and para¬ 
sitic to bacteria. Kabeshima(Q) has suggested that the bac¬ 
teriophage is a chemical principle foreign to the bacterium. 
This author suggests the possibility of a catalytic substance 
in the intestinal tract of animals which brings about the dis¬ 
solution of bacteria by activating some proferment present in 
the bacteria. Bordet and CuieaCD suggested the idea that bac¬ 
teria undergo a nutritive vitiation under the influence of some 
product manufactured by leucocytes, and further that this vi¬ 
tiation is hereditary since the phenomenon is transmissible in¬ 
definitely in series. D’Herelle speaks of this concept as the 
hypothesis of an “abnormal inert principle.” Kuttner(8) ex¬ 
plains the nutritive vitiation of the bacterium upon the basis 
of some ferment present in the intestinal tract of animals. A 
similar idea to that of Bordet and Cuica has been suggested 
in one of my own publications on this subject. (9) Lisbonne 
and Carrere(iO) have suggested the theory that the bacterio¬ 
phage is the result of a bacterial antagonism. Seiffert(n) has 
suggested an exogenous autolysis as the cause of the pheno¬ 
menon. Doerr(i2) thinks of the bacteriophage as a toxin that 
affects the bacterial metabolism. This author would place other 
agents such as the viruses of rabies, vaccinia, encephalitis Iethar- 
gica, and sarcoma in this category. A large number of in¬ 
vestigators favor the idea that the bacteriophage is simply a 
normal autolysis. D’Herelle replies to the proponents of this 
theory that it is strange that the bacteriophage phenomenon 
occurs with young bacteria having no natural autolytie ten¬ 
dency, and does not take place with old bacteria which autolyse 
spontaneously. Bail (13) believes that the lytic principle is nor¬ 
mally present in the bacteria and is a living substance. There 
is also the possibility that the lytic principle may be abnormal 
to the cell, yet living and derived from the bacteria. 

There are many hypotheses concerning the nature of the 
bacteriophage, and in fairness one must state that d'Herelle has 
presented a theory of the nature of bacteriophage that no one 
has been able to refute completely or by experimental evidence 
prove wrong. Arguments based upon careful experimental work 
have been presented for most of the opposing theories, but no 
single clear-cut experiment has been performed that will prove 



372 


The Philippine Journal of Science 


1929 


any one of these hypotheses and disprove d’Herelle’s idea of the 
living filterable virus nature of the lytic principle. We do not 
advocate the virus theory of the bacteriophage, because we feel 
that the experimental evidence so far advanced does not prove 
its living nature, but in justice to d’Herelle it must be admitted 
that he has presented a thesis that is almost convincing and 
exceedingly difficult to discredit. For a detailed discussion and 
analysis of the various hypotheses that have been advanced to 
explain the phenomenon of bacteriophagy, the reader is referred 
to d’Herelle’s books on the subject. 

Bacteria for which lytic principles have been described. —A 
wide variety of bacteria has been found susceptible to the phe¬ 
nomenon of bacteriophagy. The list includes Bacillus dysen¬ 
teric Shiga, His, and Flexner; B. gallinarum; Pasteurella bovis; 
B. pestis; B. typhosus, para A and B; B. suipestifer; B. enteri- 
tidis; B. typhi-murium; B. coli; the Friedlander bacillus; the 
bacillus of flacherie; B. proteus; the bacillus of swine fever; 
B. diphtheric; nodule bacteria of Leguminosse; B. subtilis; 
Vibrio cholerc; Staphylococcus gratia; Enterococcus; Strep¬ 
tococcus; B. pyocyaneus; pseudobacteriophage for B. anthracis; 
thermophilic bacillus T 60; and psychrophilic bacteria. 

Properties of the bacteriophage. —It is well recognized that 
there exist many different “strains” of bacteriophage. It has 
also been well established that all “strains” of bacteriophage 
are filterable through ultra-filters. It has further been demon¬ 
strated by d'Herelle, Bronfenbrenner and Korb,(l4) McKinley 
and Holden, (15) and others that the lytic principle is particulate. 
According to d’Herelle these particles are about the size of 
the micella of serum globulin. Prausnitz(i6) states that the 
diameter of the bacteriophage particle is about the size of the 
micella of collargol used in his experiments, or about 20 milli¬ 
microns. Von Angerer (17) gives a figure of 30 millimicrons for 
its diameter, Jotten(i8) and Arnold (19) have described exper¬ 
iments which demonstrate beyond doubt that the bacteriophage 
is diffusible through the agar upon which is planted the bacte¬ 
riophage with its susceptible microorganism. The bacteriophage 
is evidentally nonvolatile, although it may be carried over in 
distillates by droplets if care is not taken to prevent this. By 
titration it has been shown by d’Herelle and others that particles 
of bacteriophage tend to form a sediment on the bottom of a 
vessel on standing and to some degree by centrifugation. That 
the parties distributed in a liquid sus- 
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Table 11 .—Number of lytic plaques on plates of every 0.1 cubic centi¬ 
meter of each progressive dilution (1 cubic centimeter) of bacteria - 


[+» large lytic areas, no plaques; isolated colonies of B. coli “BW, washings from 
dilution tube and pipette; *, mixture of plaques and large lytic areas; accurate count 
not possible.] 
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pension has been indicated in our work. The bacteriophage is 
not soluble and exists only in suspension, perhaps in a colloidal 
state. Wollman (20) thought that he was able to digest the lytic 
principle with trypsin, but further work indicated that this de¬ 
struction is only partial. The possibility exists that in bouillon 
the bacteriophage particle is adsorbed on to protein molecules. 
This is indicated by the fact that the precipitate formed from 
bouillon by the addition of acetone or alcohol is found to contain 
the lytic principle in a very high concentration. D’Herelle states 
that one strain of bacteriophage has remained alive in a sealed 
ampule for nine years. He says: “When first prepared there 
were over 2,000 million corpuscles per cubic centimeter, after 
four years the number was reduced to only 100 millions, after 
nine years to but 40 millions.” The bacteriophage “multiplies” 
in an alkaline medium, though a few “strains” have been de¬ 
scribed which “multiply” in an acid medium. In general the 
bacteriophage particles floculate under the influence of acids (Da 
Costa Cruz), a phenomenon that also occurs with the majority of 
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bacteria. Since these bacteria carry a negative electric charge 
it follows that the bacteriophage particle is also charged nega¬ 
tively. D’Herelle terms it a “negative colloid.” The bacterio¬ 
phage is also precipitated by saturation with ammonium sul¬ 
phate according to Maisin,(2i) but it may be recovered still 
virulent from the precipitate as in the case of an acetone or 
alcohol precipitate. Magnesium apparently acts in the same way 
according to de Poorter and Maisin. (22) In acetone or alcohol 
precipitates the bacteriophage is destroyed if contact is prolonged 
for several days. 

The bacteriophage particle is adsorbed by a number of sub¬ 
stances. The protein in bouillon has already been referred to. 
Various authors have demonstrated that the bacteriophage is 
adsorbed by infusorial earth and kaolin (Seiffert,(23) Gilde- 
meister and Herzberg,(24) and others). Much of the work done 
on adsorption, however, has not taken into account the hydrogen 
ion concentration of bacteriophage suspension, and opinion is 
at variance upon this property of the bacteriophage. D’Herelle 
believes there is relatively little adsorption of bacteriophage by 
these substances. 



fia. 7. The minimal lethal exposures (abscissa) for bacteriophage in dilutions 1 :10 to 
1:10,000,000 in three broths. A, B, and C, plotted according to the logarithms of the 
dilutions (ordinate), 1 1 
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The bacteriophage is also affected by irradiation. Appel- 
mans(25) has inactivated bacteriophage by exposure to ultra¬ 
violet rays for ten minutes. Gildemeister(26) states that the 
bacteriophage is sensitive to ultra-violet light as are bacteria. 
Gerretsen, Gryns, Sack, and Sohngen (27) found that ultra-violet 
light destroyed B. radicicola but not its lytic principle after 
exposure for fifteen minutes. McKinley, Fisher, and Holden, (28) 
however, have found that a strain of bacteriophage lytic for B. 
coli is destroyed by ultra-violet light much in the same way as 
are two strains of known filterable viruses; namely, herpes 
and Levaditi’s so-called encephalitis virus. Exposure to ultra¬ 
violet light at a distance of one foot for forty minutes is suf¬ 
ficient to attenuate or destroy both the bacteriophage and the 
two filterable viruses employed. Bacillus coli was not destroyed 
by this exposure. Later experiments by these authors showed 
that much shorter periods of exposure were effective in de¬ 
stroying both the lytic principle and the filterable viruses men¬ 
tioned. Fisher and McKinley(29) exposed various concentra¬ 
tions of bacteriophage to the action of ultra-violet light and 
concluded that the resistance to ultra-violet rays of the lytic prin¬ 
ciple is directly proportional to its concentration and appears 
to be a logarithmic function thereof. The effect produced by 
ultra-violet light is not a photosensitization to heat. Brutsaert 
(30) found that radium emanations did not destroy the bac¬ 
teriophage. 

As has been mentioned there are many different “strains” 
of the bacteriophage. This is indicated by several properties 
that they possess. Some strains of bacteriophage always pro¬ 
duce very minute pinhead plaques on solid cultures, while others 
produce plaques many times as large. To some extent the size 
of the plaques may be controlled by increasing the concentration 
of the agar. This has been demonstrated by Bronfenbrenner 
and Korb. However, on a uniform agar concentration different 
“strains” of lytic principle will exhibit different-sized plaques. 
Differences between “strains” of bacterophage are also noted 
in their response to heat. One “strain” may be destroyed at 
a temperature of 65° C., while another will require 70 or 75° C. 
when heated for thirty minutes. D’Herelle states that heat 
destruction is preceded by attenuation and that 75° C. may, in 
general, be regarded as the thermal death point of the bacte¬ 
riophage. Bacteria sensitive to the action of such a lytic prin¬ 
ciple are of course destroyed at much lower temperatures. The 
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multiplicity of bacteriophage “strains” is also indicated by the 
specificity of the various strains. Within certain limits adap¬ 
tation of the bacteriophage to more than one organism is possible 
but not always. Some “strains” seem to be markedly specific. 

The bacteriophage is susceptible to the action of various 
chemicals and disinfectants. The response of the bacteriophage 
to these substances depends somewhat upon the race; various 
races respond differently. In general it may be said that in 
its resistance to chemicals and disinfectants the bacteriophage 
is comparable to the spores of bacteria. In some instances it 
appears to be more resistant than spores to the disinfectant 
employed. This resistance also depends somewhat upon the 
temperature at which the destructive agent is permitted to act. 
For example, Bronfenbrenner and Korb found that the bacte¬ 
riophage is rapidly destroyed by absolute alcohol at ordinary 
temperatures, but that it resists absolute alcohol for five or six 
days if kept at 0° C. 

Facts that favor the living nature of the bateriophage ,— 
The fact that the bacteriophage increases in quantity at the 
expense of the lysed bacterium is the fundamental argument 
upon which d’Herelle bases his theory of the virus nature of 
the bacteriophage. This he regards as evidence of reproduction 
and multiplication. The theory of the living nature of the 
bacteriophage is also supported by the fact that, within certain 
limits, the bacteriophage possesses the power of adaptation and 
assimilation. These are regarded as the combination of char¬ 
acters that constitute the criterion of life. 

Opposing view. —Many investigators have been unwilling to 
accept these criteria as proved in the case of the bacteriophage. 
Increase in quantity of bacteria at the expense of the lysed bac¬ 
terium is not regarded in the minds of many as representing 
reproduction in the sense in which this word is usually employed. 
It is argued for instance that the bacteriophage may represent 
merely a lytic principle elaborated by the bacterium itself and 
be enzymatic in nature. Bordet believes that the bacterium is 
vitiated by the action of the cells of the host and that this 
vitiation continues through the subsequent generations of the 
strains. This is suggested in the strain of B. coli of Lisbonne 
and CarrSre which manufactures a lytic principle active against 
a strain of B . dysenterise Shiga. D’Herelle regards this strain 
of B. coli as contaminated with the bacteriophage. Such a 
strain, however, it has been shown by us, produces antilysins 
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for the lytic principle when injected into normal rabbits when 
primary cultures of this organism in broth show no evidence of 
the phenomenon of bacteriophagy. D’Herelle will refute this 
with the statement that the bacteriophage contaminant is not 
present in sufficient concentration in the primary culture to 
manifest itself but even in its weak concentration it is anti¬ 
genic. This is, of course, possible; however, it is not probable. 
Bacillus coli Lisbonne in culture presents no evidence that it 
possesses the power of elaborating a lytic principle for B. dy¬ 
senteries Shiga. In other words B. coli Lisbonne itself is not 
affected by the lytic principle. Therefore, the lytic principle 
active against B. dysenteriae Shiga is not increasing in quantity 
(in the d’Herelle sense) when it exists in a pure culture of 
B. coli Lisbonne for the simple reason that B. coli Lisbonne 
is not sensitive to it. In hundreds of subcultures of B. coli Lis¬ 
bonne we have never seen any evidence of lytic plaques or any 
other indication that a bacteriophage was present in the culture. 
The bacteriophage must, according to d’Herelle, increase in 
quantity at the expense of the sensitive bacterium. In the B. 
coli Lisbonne culture the sensitive bacterium so necessary for 
the “multiplication” of the lytic principle is missing; and fur¬ 
ther it is found that subcultures generation after generation of 
B. coli Lisbonne possess the power of elborating bacteriophage 
for B. dysenterise Shiga. 

If we accept d’Herelle’s contention that B. coli Lisbonne 
is contaminated with the bacteriophage and knowing that the 
bacteriophage does not lyse B. coli Lisbonne and hence, in 
d’Herelle’s sense in unable to “multiply” at the expense of this 
organism, how then are we to explain the fact that each gene¬ 
ration of B. coli Lisbonne is capable of elaborating the lytic prin¬ 
ciple for B. dysenterise Shiga? Bacillus coli Lisbonne divides 
approximately every seventeen minutes. If each bacterium 
contains bacteriophage or possesses bacteriophage adsorbed upon 
its surface, this quantity of lytic principle will be divided with 
each division of the microbe. One hesitates to attempt to cal¬ 
culate the dilution of lytic principle which would take place after 
several subcultures of this organism. It is known, however, that 
a subculture prepared from one colony of B. coli Lisbonne, after 
several generations, is still capable of elaborating lytic principle 
active against B. dysenterise Shiga. This is strong evidence 
against the assumption that B. coli Lisbonne is “contaminated” 
with the bacteriophage and to our mind indicates definitely that 
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B. coli Lisbonne possesses the inherent ability of elaborating 
lytic principle active for B. dysenteric Shiga. In other words, 
this property is functional and is perhaps a metabolic process 
upon the part of B. coli Lisbonne. This is strong indication 
that the lytic principle is an enzyme elaborated by B. coli Lis¬ 
bonne in this particular instance. 

While many investigators have been willing to accept the 
hypothesis of d’Herelle that the bacteriophage is a living ultra- 
microscopic virus there are still those who are not willing to 
accept this view as final. Though d’Herelle’s view offers much 
in its favor the evidence is not complete. For the present we 
prefer to consider the bacteriophage as an ultramicroscopie par¬ 
ticulate substance, diastatic in its action, granular in form, 
inanimate, and probably derived from the bacterial cell during 
a stage in its life cycle as a result of the influence of tissue 
cells of the host upon the bacterium. We have likened the bac¬ 
teriophage to the zymogenic granules of the pancreas and its 
lytic action to that analogous to the action of zymogen, and 
enzyme elaborated by the zymogenic granules. The response 
of the lytic principle to external agents such as heat, chemicals, 
disinfectants, and ultra-violet light may be considered analogous 
to that of various enzymes. The bacteriophage granules, which 
are precursors of the lytic principle, are elaborated by the bac¬ 
terial cell, a phenomenon brought about by the cells of the host 
acting upon the bacterium. 

Some other criterion is essential to establish the living nature 
of the bacteriophage. Bronfenbrenner(3l) has been unable to 
detect respiration, and we have reported similar conclusions.(32) 
If this could be demonstrated it would be the strongest argu¬ 
ment in favor of the living nature of the lytic principle. 

Hadley (33) suggests a joint relation of microbie dissociation 
and the phenomenon of the bacterophage. He states: 

I therefore regard the suggestion justifiable that active microbie dis¬ 
sociation and the phenomenon of the bacteriophage may represent merely 
two different stages in a single phase of normal reproductive and physiol¬ 
ogic behavior which exists for a purpose presumably adaptive. 

This author ventures the further speculation that it may 
eventually be 'demonstrated, not that a foreign filterable virus 
gives rise to dissociation and to autolysis in the d’Herelle sense; 
bats on the contrary, that the fundamental physiologic reaction, 
of which both microbie dissociation and transmissible auto- 
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lysis are only different modes of expression, gives rise to the 
filterable virus. In a more recent publication Hadley(34) states: 

The working hypothesis . . . which I have accepted, is that the bac¬ 
teriophage is either a definite stage in the cyclogeny of the bacterial spe¬ 
cies, or a functionally active particle accessory to one of these stages; 
and by the term “accessory” I mean possessing complementary or recip¬ 
rocal biologic significance, such, for example, as the relation of sperm cell 
to ovum. With such a conception there is not any priority of signif¬ 
icance in the relation between bacteriophagic corpuscle and the cell that 
generates it; or, indeed, between the bacteriophagic corpuscle and the cell 
which it “attacks.” Both elements are necessary components of a definite 
reproductive mechanism possessed by many, if not by all, bacteria. This 
constitutes the nucleus of what I have termed my “homogamic theory” of 
bacteriophage action. 

The reader is strongly urged to study the work of Hadley 
which has been cited above. Of the hundreds of articles that 
deal with the bacteriophage those of Hadley have given us the 
most logical and critical analysis of this phenomenon. It is un¬ 
fortunate that a review of this kind does not permit a detailed 
discussion of his work and views on this subject. 
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Chapter XVI 


FILTERABLE FORMS OF BACTERIA, YEASTS, AND 
SPIROCHETES 

It is well recognized that certain bacteria and spirochaates 
under favorable conditions will pass through the pores of va¬ 
rious types of filters. This is particularly true with certain 
grades of filters if pressure is employed. Examples such as the 
bacillus of guinea-pig pneumonia which passes the Berkefeld V 
filter, a spirillum isolated by von Esmarch which passes through 
Berkefeld and Chamberland F filters, Borrell’s water flagellate 
which passes through coarse filters, spirochsetes which pass 
Berkefeld N, V, and W filters acording to Wolbaeh and Binger, 
Novy, and others, are frequently quoted in text books. 

In addition to the above forms various other bacteria are ap¬ 
parently filterable through filters under certain conditions. Fil¬ 
terable forms of B. tuberculosis, B. dysenteric, B. typhossm vi¬ 
brio, B. coli, M. aureus, streptococci, B. proteus, yeasts, etc., have 
been described. 

The question of filtration has been mentioned in Chapter I. 
We have seen that there are many factors involved and that 
filtration is not a sharp dividing line based upon the size of the 
particle to be filtered. It is largely a matter of gradation but, 
like diffusibility, is only relative. While we have learned a 
great deal about filtration there are many aspects of the subject 
that are not fully understood. 

Filtration may be performed with a variety of filters made 
with many different substances. Porcelain, infusorial earth, as¬ 
bestos, silica jelly or gelatin, collodion, paper pulp, calcium car¬ 
bonate and magnesium oxide, plaster of Paris, animal charcoal, 
animal membranes in vitro and in vivo, have all been employed. 
Of all these types of filters the ultrafilters prepared as saeks 
or membranes with collodion have apparently offered more ad¬ 
vantage with regard to the determination of size of various 
particles. Even with such filters, however, only the approximate 
size of particles has been determined by comparing one sub¬ 
stance with another with regard to its filtration qualities. 

It is well known that any two filters made of the same ma¬ 
terial, by the same process, and under identical conditions may 
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vary one from the other in certain respects. Furthermore, a 
filter once used is theoretically no longer the same filter it was 
in the beginning. Regardless of the type of filter employed the 
actual operation of filtration involves the same principles. Pres¬ 
sure, suction or gravity, is employed as the controlling force. 
This is very important, for a substance that ordinarily is non- 
filterable without pressure may prove filterable through a given 
filter if a certain pressure is employed. With regard to spira- 
chsetes, for example, it has been thought that the flexibility 
of the microbe itself may permit its passage through the filter, 
particularly when pressure is employed. In other words such 
an organism may be forced or sucked through the pores of a 
filter. This may be regarded as a pure mechanical process. 
Furthermore, it has been demonstrated that certain organisms 
may in time grow through the pores of a filter without pressure 
from either side of the filter aiding its passage. Bronfenbren- 
ner and Muckenfuss(i) have shown that as a filter is employed 
in a given operation it is found impermeable to bacteria early 
in the course of filtration but later, after prolonged filtration, 
bacteria easily pass through its pores and can be cultivated from 
the filtrate. This is apparently due to a coating of the filter 
with albuminous material and an alteration of its electric charge. 

It will be recalled from Chapter I that Kramer (2) has shown 
that by preparing a filter of calcium carbonate and magnesium 
oxide of positive electrical charge bacteria, viruses, and colloids 
used in his experiments may be withheld though these agents 
readily pass through filters made of siliceous material carrying 
a negative charge. 

Various factors then should be taken into account in con¬ 
nection with the subject of filtration. Length of time of filtra¬ 
tion, type of filtering, reaction of the filter and of the material 
to be filtered, the dilution of the material to be filtered, type 
and amount of force applied against the filter, the electrical 
charge of the filter and of the particles to be filtered, the ma¬ 
terial used for control work, the amount of solid matter present 
in the material to be filtered, its viscosity, filtration technic, and 
other factors have been mentioned but are of such importance 
that they should be repeated here. It is because of these various 
factors and the failure of investigators to take them into account 
that the literature contains many conflicting observations regard¬ 
ing the filtration of certain bacteria and other substances. For 
example, the filtration of Leptospira icterohsemorrhagix has 
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never been settled satisfactorily. Some investigators state that 
this organism is filterable, and others that it is not. It becomes 
highly important then for reports to state definitely under what 
conditions Alteration experiments are performed. Only in this 
way can accurate information be presented. 

FILTERABLE BACTERIA 

According to Wherry the bacillus of guinea-pig pneumonia 
measures 0.5 by 0.7 micron. This microbe is filterable through 
a Berkefeld V candle. The virus of pleuropneumonia in cattle 
is a small pleomorphic organism which is visible without doubt 
and is filterable through Berkefeld and Chamberland filters. Ac¬ 
cording to Bordet this organism appears as a fragile spirochsete 
but shorter than the spirochetes of syphilis. Borrell found in 
stained preparations fork-shaped branchings and asteroid bodies 
and for this reason designated the organism Asterococcus my- 
coides. More recently Bridre and Donatien(3) have cultivated 
the virus of agalactia contagiosa which they state resembles the 
virus of pleuropneumonia of cattle in its morphology. This vi¬ 
rus passes the chamberland No. LI filter but does not pass the 
L2 filter. While these two viruses closely resemble each other 
in many respects there are certain differences which have been 
pointed out by Bridre and Donatien (see Chapter V). The exact 
nature of these viruses remains unknown. 

In 1926 Burnet (4) experimented with filtrates of organs re¬ 
moved from rats and guinea pigs dead from plague. From 
three filtrates he succeeded in getting cultures of B. pestis. Fur¬ 
thermore, one of these filtrates when injected into guinea pigs 
produced the infection. He states that the filterable form of 
B. pestis appeared as a granule proceeding from lytic disin¬ 
tegration of the bacillus. 

During the same year Mellon (5) reported a filterable phase 
in the life history of B. fusiformis and related organisms. He 
states that the aerobic modification of B. fusiformis is a diph¬ 
theroid, the granules of which pass through a Berkefeld N candle 
but resist artificial cultivation. He suggests that the granule- 
containing filtrate may represent a filterable virulent form of 
the organism. 

In 1910 Fontes(6) noted the presence of virulent filterable 
elements in the pus from a tuberculous abscess. In 1922 Vau- 
dremerC) found similar elements in cultures of tubercle bacilli. 
Calmette and ValtisW have confirmed these observations. 
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These authors have found that filtrates from tuberculous sputum 
or pus contain invisible elements that are virulent, leading to 
a typical tuberculosis. Furthermore, these authors have pre¬ 
pared filtrates from lymph glands of rabbits twelve days after 
an intraperitoneal injection of such filtrates and by intravenous 
injection of the filtrate have been able to demonstrate tubercle 
bacilli in the rabbit’s spleen. Fontes believed that the so-called 
“Much granules” represent the invisible elements, but this idea 
has not been confirmed by experimental work. 

Other authors have also reported filterable forms of tubercle 
bacilli. Mellon and Jost(9) prepared Berkefeld filtrates of tu¬ 
berculous material and inoculated twenty-one guinea pigs. In 
twelve of these animals they found tubercle bacilli in direct 
smears prepared from the lungs. In three animals they de¬ 
monstrated acid-fast bacilli in the inguinal and tracheobronchial 
lymph glands. No definite evidence of tuberculosis was found by 
histologic methods except in the lungs of two animals. Fab¬ 
ry (10) has also found tubercle bacilli in the glands and spleens of 
animals injected with a filtrate prepared with a fragment of hu¬ 
man tuberculous lung. Filtrates prepared from the organs of 
these animals and injected into a normal animal resulted in a 
generalized tuberculosis. De Potter (li) has experimented with 
filtrates of avian tubercle bacilli and assumes that the patho¬ 
genic property of the filtrates is attributable to special forms of 
avian tubercle bacilli, analagous to those in filtrates of human 
or bovine bacilli. Fessle(l2) has been unable to confirm the 
various reports that tubercle bacilli exist in filterable forms. 

Fontes(i3) in a recent study on the life cycle of bacteria con¬ 
cludes that— 

1“ —The bacteria studied are nucleate cells. 

2°—The nucleus of these cells is dispersed, affecting chromidium forms 
which with the evolution of the bacterium toward reproductive activity 
mobilizes and condenses into granulations. 

3° —The localization at the poles indicates an amitotic process, the de¬ 
tails of which cannot be followed up because of the unsatisfactory nature 
of the apparatus used for observation. 

4®—The irregular distribution of the chromidial substance inside bac¬ 
terial cells, in the same manner as its regular distribution in cells of the 
same nature, seems to indicate that cells of the same species are able to 
divide and mutiply by different processes. 

: 5—The growth of these cells and their reproduction are closely con¬ 
nected with the growth and reproduction of the chromidial corpuscles. 

6°—The growth and reproduction of these cells takes place through the 
emission of granules inside the protoplasm, disposing themselves for the 
ulterior division of the cell, or else through the emission of granules out- 
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side the organism studied, which will give rise to a new reticulum about to 
build up a new-formed cell. 

7°—The growth and reproduction of these cells may take place in the 
length direction or laterally, providing for transverse planes of division 
(cocci, coli and dysentery bacilli) or longitudinal planes of division like 
the branching of a tree (diphtheria and tubercle bacilli and sometimes 
B. coli). 

Sweany(14) in a recent study of the filterability of the tubercle 
bacillus finds that the granules sprout into actively motile ba¬ 
cilli and are non-acid-fast. Other granules he has found resem¬ 
ble cocci while others go through a gonidiform stage, in which 
the granules are held together by a matrix, and may sprout 
again in a way similar to that in free granules. These gran¬ 
ules produce tuberculosis in guinea pigs and produce pure cul¬ 
tures of tubercle bacilli. This author believes that a virus exists 
in tuberculous lesions that is capable of passing through the 
finest Berkefeld filters and producing varying grades of disease 
in guinea pigs, depending upon the particular virus. He states 
that some viruses produce emaciation and death without any 
signs of tuberculosis. Others produce typical tuberculosis from 
which typical tubercle bacilli may be recovered. 

Other species of bacteria are also said to produce filterable 
forms. Hadley (15) describes these under the caption “Filterable 
forms of bacteria secondary to lytic action.” He says: 

We have now observed the influence of the bacteriophage in producing 
modifications in normal, sensitive culture and in normal cells, as also in 
“pure” S and R strains. We may now turn to its influence in causing 
the generation of filterable forms of bacteria. In the sections dealing with 
active dissociation in normal cultures it has been noted that such cultures 
may enter a stage of development in which they are filterable through 
Berkefeld or Chamberland candles that are able to hold back all micro¬ 
scopic forms. In most of these instances no signs of dissociation have been 
noted at the time. It is also clear, however, that accompanying that 
form of dissociation stimulated by the bacteriophage there often occurs 
a quick development of filterable bodies. 

In 1922 d’Herelle(i 6 ) described filterable forms of the Shiga 
bacillus in filtrates of lysed cultures. Hauduroy(i7) has reported 
filterable stages of B. coli, B. typhosus, B. dysenterise, and M. au¬ 
reus under the influence of the lytic principle. Tomaselli(i 8 ) 
has made similar observations for B. coli. Hadley states: 

Some of these filterable forms were reported to yield a faint, opalescent 
growth in broth; and less frequently a delicate growth on solid mediums. 
It seems also that they may propagate in the invisible state. In still 
other instances they may revert to the original, but still resistant, cell 
type; or to a modified cell type (coccoid)* In such cases the opalescent 
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growth gradually gives place to a definite turbidity. One point of in¬ 
terest in these cases is that, whatever the morphologic type of organism 
submitted to lytic action at the beginning—rods or cocci—all show the 
same disintegrative trend toward granule formation; and in this end- 
state all meet on a common morphologic footing (d’Herelle and Hau- 
duroy). ... I believe that we may eventually find in this “cosmopoli¬ 
tanism” or convergence of the rough types, whether morphologic or serolo¬ 
gic, and whether occurring in connection with simple dissociation or with 
transmissible autolysis, a deeper significance than now attached; and one 
bearing upon a number of at present inscrutable problems recently in¬ 
troduced into bacteriological literature. 

Fejgin(i9) has reported a filterable stage of the typhoid ba¬ 
cillus which is capable of inducing infection in guinea pigs. This 
virus was also obtained through the action of a lytic principle. 
This author has also obtained a secondary culture from proteus 
X 19 through the influence of a lytic principle. She also has 
produced secondary cultures in vivo with the typhoid virus by 
injecting this virus into guinea pigs. From the brains of these 
animals she has obtained minute coccobacilli, which differed from 
the normal cultures both biochemically and serologically. 

D’Herelle (20) believes that the filterable forms of lysed bac¬ 
teria such as have been described above are responsible for the 
inhibition of the increase in virulence of certain races of the 
bacteriophage. He states that if the interval between passages 
is prolonged this effect is not seen. Hadley states in this con¬ 
nection— 

If, as these workers also assume as a result of their more recent ex¬ 
periments, the lytic principle is bound up with some of these filterable 
forms, as well as with intact organisms of the resistant type, producing 
a symbiosis, such filterable forms would also be regarded, in the Bordet 
sense, as lysogenic. 

The filterability of the streptococci is as yet obscure. It is 
believed by some investigators that certain strains of strepto¬ 
cocci are filterable. Others maintain that only defective filters 
permit the passage of streptococci. In the preparation of scar¬ 
let-fever antitoxin several investigators have contended that the 
antitoxic serum produced in horses is a dual serum; that it is 
both antitoxic and antibacterial because a few streptococci pass 
through the filter with the toxin. This point is not entirely clear 
as yet. In general the evidence supports the view that some 
strains of streptococci will pass through certain filters, and the 
theory has been advanced that these organisms may be consid¬ 
ered filterable at some stage in their life cycle. The entire 
subject needs further careful investigation before any preemp- 
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tory statements can be made in the matter. It is interesting to 
note in this connection that Evans and Freeman (30) have re¬ 
ported Streptococcus strains (presumably filterable) from en¬ 
cephalitis confirming previous findings by Rosenow. 

Among the filterable forms should of course be mentioned 
B. pneumosintes of Olitsky and Gates (see Chapter IX), which 
is both visible and filterable; the virus of “Huhnerpest” pro¬ 
pagated by Marchoux(2i) and by Landsteiner and Berliner, (22) 
but which was invisible to these authors; the virus recently 
described by Noguchi as cultivated from the tick Dermacentor 
andersoni (see Chapter VIII), which is also invisible; and the 
filterable saprophytic bacteria which Borrel cultivated from 
water.(23) Hort, Larkin, and Benians(3i) have reported the 
filtration of the meningococcus; Novy and Knapp(32) the filtera- 
bility of the relapsing-fever spirochsete, while Pryor(33) in 1925 
described the filtration of a “spore-forming coccus” which he 
thought to be the cause of scarlet fever. 

We may conclude that filterable forms of several different 
species of bacteria exist and that they tend to occur in the form 
of granules. The relation of the bacteriophage to the produc¬ 
tion of these filterable forms of bacteria is not as yet fully un¬ 
derstood. Further work should be done along this line of 
investigation. 

FILTERABLE YEASTS 

In 1926 Pappenheimer was investigating the cause of a pe¬ 
culiar disease of fowls which was associated with paralysis. 
In our laboratory filtrates were prepared from the emulsion of 
the sciatic nerve from one of these fowls. Tests for carbon di¬ 
oxide (C0 2 ) production were performed with these filtrates ac¬ 
cording to the method described by McKinley and Coulter, (24) 
and after twenty-four to forty-eight hours it was found that 
considerable carbon dioxide (C0 2 ) had been produced in the 
tubes containing the filtrate when kept at incubation temper¬ 
ature. Pappenheimer made cultures from these filtrates and 
found smaller yeastlike organisms in the bottom of the tubes. 
While he was unable to produce the chicken paralysis with these 
cultures, the observation was interesting since we felt that this 
was an instance of a filterable yeast. In 1927 Lewis (25) re¬ 
ported a filterable yeastlike microorganism which he cultivated 
in the course of experiments with the virus of hog cholera. This 
organism he states is pleomorphic in extreme degree. He found 
both coccoid and bacillary forms at the lower limits of visibility. 
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The culture could be completely regenerated after filtration 
through Berkefeld N filters although these filters retained Bacil¬ 
lus abortus Bang. The culture is not pathogenic for swine. 
Lewis has named the organism Schizosaccharomyees filtrans. 


filterable protozoa 

In 1902 Borrel(26) described filterable microorganisms which 
he obtained from water and which he believed belonged to the 
Protozoa. These organisms were apparently water flagellates. 
Schaudinn(27) two years later presented the idea that certain 
Protozoa might have a stage in their life cycle in which the 
organisms exist in the form of spirochsetes. Novy and Mac- 
Neal(28) in 1904 described cultures of trypanosomes which were 
so small that they passed through very thin filters and recently 
Keich(29) has reported that the liver and spleen of animals in¬ 
fected with Trypanosoma brucei frequently yield filtrates which 
are infectious. Leptospira icteroides is filterable under cer¬ 
tain conditions, but this organism is certainly not a stage in the 
life cycle of any other parasite. The postulate that filterable 
forms may represent a stage in the life cycle of various parasites 
is frequently referred to. The fact that so many different bac¬ 
terial forms are apparently filterable and the tendency of these 
forms toward “granule formations” is strong evidence in favor 
of this idea. The study by Lewis of his filterable yeast is a case 
in point and as he states “seems to fulfill quite perfectly the 
requirements of this very general postulate.” 

The possibilities of filterable forms of bacteria, yeasts, and 
spirochsetes have only been touched upon by investigators. That 
such forms do exist seems to be beyond doubt. From the stand¬ 
point of the mechanism of infection and, communication of 
disease these observations are very important, and the entire 
subject should receive special study in the hope of ascertain¬ 
ing the fundamental principles involved in the production of 
these forms and their relation to disease processes. 
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Chapter XVII 


INTRACELLULAR INCLUSIONS IN FILTERABLE 
VIRUS DISEASES 

The exact nature of the intracellular inclusion bodies is not 
known. That they are uniformly associated with many of the 
diseases of filterable virus origin is now a well-established fact. 
Indeed, in many diseases they are regarded as pathognomonic. 
In some diseases both the filterability of the virus and the pres¬ 
ence of inclusion bodies have been demonstrated. In others in¬ 
clusion bodies have been found but the nature of the virus 
remains obscure. Based upon the presence of inclusion bodies 
these diseases are thought to be caused by filterable ultrami- 
croscopic viruses even though the causative agents cannot be 
determined. In other diseases filterable viruses have been de¬ 
monstrated but no inclusion bodies are found. 

Most of the inclusion bodies have been named for their dis¬ 
coverers; for example, Negri bodies in rabies and Guarded 
bodies in variola and vaccinia. As has been pointed out in the 
chapter on mosaic diseases of plants the inclusion bodies when 
first discovered were thought to represent parasites. This has 
been true for practically all of the filterable virus diseases in 
which inclusion bodies have been found. The theory generally 
in acceptance twenty-five years ago was that these bodies re¬ 
presented protozoans having complicated life cycles. In 1907 
Prowazek(i) suggested a modification of this idea. According 
to Prowazek’s theory the inclusion bodies represent the causative 
agent embedded in reaction products of the cell This author 
designated these bodies Chlamydozoa (armored or cloaked ani¬ 
mals). In 1912 Lipschutz(2) suggested the term Strongylo- 
plasmata for this group of bodies. Later, in 1921, Lipschiitz 
suggested a classification as follows: 

1. Cyto-oikon group in which the inclosures lie in the cytoplasm, 

Examples of this group are trachoma, molluscum contagiosum, 
fowl-pox, and sheep pox. 

2, Karyo-oikon group in which the inclosures lie in the nucleus. 

Examples of this group are warts and herpes. 
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3. Cyto-karyo-oikon group in which the inclusion bodies lie in both 
the cytoplasm and nucleoplasm. Examples of this group are 
variola and para-vaccinia. 

In a recent review of the cell inclusions Findlay and Lud- 
ford(3) state, “It is doubtful whether in the present state of our 
knowledge the term ‘Chlamydozoa’ can be justified as a cloak 
for anything except our ignorance.” According to Lipschutz 
the inclusion bodies consist of the virus itself and are found 
within the affected cell as a result of proliferation of the infec¬ 
tious agent. In connection with this idea Goodpasture (4) states: 

While this hypothesis is a most useful one and has much to support it, 
further evidence is necessary to establish its truth. One cannot rely en¬ 
tirely upon the morphology of minute components of such structures to 
establish with certainty their parasitic nature. But whether or not it 
will eventually be proved that the inclusions and the virus are identical, 
nevertheless much can be learned by clearly recognizing a constant asso¬ 
ciation of a characteristic type of inclusion with any particular infection, 
and by identifying it with the lesion so that a diagnosis of the infection 
on this basis may be possible. 

This author, for example, has shown that by injecting the her¬ 
pes virus into the right masseter muscle in rabbits, the virus 
passes up the axis cylinder of the nerve trunk and demonstrable 
herpetic lesions are to be found within the motor nucleus of the 
right fifth cranial nerve. Goodpasture believes it quite prob¬ 
able that the virus grows within the axis cylinder and so pro¬ 
pagates itself to its central termination. That the inclusion 
bodies described in such an experiment are directly associated 
with infection with the herpes virus is beyond question for they 
are produced at will and it is possible to prophecy their future 
location depending upon the portal of entry. 

We have seen in the previous chapter that Smith(5) was able 
to confirm the observations of Goldstein in regard to the vac¬ 
uolated bodies found in the epidermal and hair cells of leaves 
of mosaic tobacco plants. Smith was unable to discern any au¬ 
tonomous movements in the vacuolated bodies and in only one 
instance observed a limiting membrane. Here again the inclu¬ 
sion bodies are regarded as the product of a reaction between the 
virus and the cytoplasm of the cell. They do not occur in normal 
healthy tobacco plants but are uniformly found in these plants 
when infected with mosaic. It is evident then that inclusion 
bodies are associated not only with filterable virus diseases of 
animals but are found also in filterable virus diseases of plants. 
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It is proposed in this section to describe several of the types 
of inclusion bodies which have been associated with filterable 
virus diseases. Among the diseases for which inclusion bodies 
have been described are the following: 


1. Diseases of man. 

Variola. 

Vaccinia. 

Paravaccinia. 

Alastrim. 

Molluscum contagiosum. 
Trachoma. 

Varicella. 

Verruca. 

Inclusion blennorrhoea. 
Herpes. 

Simplex (febrilis). 
Genitalis. 

Zoster. 

Scarlet fever. 

Chronic epidemic encepha¬ 
litis (in a child). 

Acute encephalitis. 
Inclusions in diseases of 
unknown origin. 

2. Diseases of animals. 

Sheep-pox. 

Foot-and-mouth disease. 
Babies. 

Distemper. 

Borna disease. 

Swine fever. 

Salivary-gland disease of 
guinea pigs. 

Virus-Ill infection of rab¬ 
bits. 


Kurliff bodies in guinea 
pigs. 

African horse sickness, 

3. Diseases of fowls. 

Fowl pox. 

Fowl plague. 

Macfie’s disease of fowls, 

4. Diseases of fishes. 

Lymphocystic disease of 
fishes. 

Carp pox. 

Epithelioma of Barbus . 

5. Diseases of insects. 

Polyhedral diseases of in¬ 
sects. 

Wilt disease of gypsy- 
moth caterpillars. 

Wilt disease of the 
European nun-moth 
caterpillar. 

Jaundice of silkworms. 

Nuclear disease of the ca¬ 
terpillar of the cabbage 
white butterfly (Pieris 
bras sieve ). 

6. Diseases of plants. 

Mosaic diseases of tobacco, 
sugar cane, corn, potato, 
petunia, bean, tomato, 
and mosaic-free plants. 


INTRACELLULAR INCLUSIONS IN VARIOLA, VACCINIA, ALASTRIM 
AND PARAVACCINIA 


Renaut(6) in 1881 first described inclusion bodies within the 
epithelial cells of variolous lesions. Guarnieri (7) later described 
these bodies, and since his report in 1892 these intracellular 
bodies have borne his name. Guarnieri regarded these bodies as 
protozoans and suggested the name “Cytoryctes vaccinae” for 
them. It was also believed at this time that the inclusion bo¬ 
dies represented a stage in a complicated life-cycle of Protozoa. 
Evidence to prove this concept was brought forward by Council¬ 
man, Magrath, and Brinckerhoff,(8) Calkins, (9) and Prowa- 
and Mann,(io) however, thought that these 
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bodies arose from some performed cell constituent, while 
Ewing(li) believed that the vaccine bodies originated from nu¬ 
clear material of the cell. The vaccine bodies are found in the 
epithelial cells of affected parts of the skin and also between 
the cells. They measure only from 0.2 to 0.5 micron in size, are 
Gram negative, an'd stain with Loffler’s flagella stain and with 
Giemsa’s. Borrel(i2) described similar bodies in sheep pox in 
1903. Inclusion bodies have been described for alastrim by 
Castellani and Chambers, while in paravaccinia both cytoplasmic 
changes and intranuclear inclusions have been described by Lip- 
schiitz which are similar to those found in herpes infections. 
There have been many conflicting views regarding the nature 
and origin of these bodies. In 1920 Boing(l3) reported that 
the vaccine virus itself could be demonstrated in the cytoplasm 
of the cell and at times within the nucleus as minute granules 
which stain a deep red with Azur I. On the other hand Wood¬ 
cock (14) has brought forward the old concept that the inclu¬ 
sion bodies are the result of the digestion of red blood corpuscles. 
Others have suggested that the vaccine bodies are the result 
of leucocytic migration or leucocytic fragmentation. In 1922 
Cowdry(i5) attempted to show that the vaccine bodies are formed 
from the normal constituents of the cell and that these sub¬ 
stances increase in quantity under the stimulus of vaccination. 
Supravital staining has demonstrated blue-staining droplets 
within larger pink-staining masses. There is no evidence that 
these bodies contain microorganisms. Prowazek has designated 
the small bodies found in pox lesions in man and in vaccinia as 
Chlamydozoa (armored or cloaked animals), but they are also 
referred to as Prowazek’s elementary bodies. Later these 
bodies become larger and are thought to represent a later stage 
in the development of the virus. Th larger forms are referred 
to as Prowazek’s initial bodies. Lipschiitz(2) has designated 
them as Strongyloplasma variola-vaccine. 

The Guarnieri bodies are spherical or half-moon-shaped bod¬ 
ies thought to consist of chromatin or plastin substance. They 
are usually found lying close to the nucleus. In fresh prepara¬ 
tions some investigators have described amoeboid movement, but 
Sehutz(i5) in a recent paper states that they are decidedly not 
amoebalike. This author believes that they are true cytoplasmic 
structures which arise as a result of infection of the cell by the 
vaccinia virus. According to this view it is reasoned that the 
minute infectious agent, the vaccinia virus, enters the cell sub¬ 
stance and there becomes inclosed by a plastin substance which 
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is produced by the plasma of the cell as a protective reaction 
against the invader. Further, the vaccine body again breaks 
down, the initial body passes into the plasma of the cell, there 
disseminates and separates into elementary bodies. The ele¬ 
mentary bodies may then reach the outside world again after 
the epithelial cell is destroyed and is capable of again infecting 
a susceptible host. 

The view which seems to be most acceptable at present is that 
the vaccine bodies arise from the normal constituents of the 
cell as a direct result of the infection. The virus may or may 
not be present in the inclusion body. This is not known and at 
present there is apparently no method known by which this can 
be determined. It is known from culture experiments with the 
vaccjnia virus that living cells are essential in the medium in 
order to obtain multiplication of the virus. The virus does not 
multiply upon dead organic matter. This suggests to the writer 
still another possibility regarding the origin and nature of these 
bodies. The virus after entering the cell finds there certain 
substances which are essential for its existence and multiplica¬ 
tion. Through the functional activity of the virus these sub¬ 
stances or these elements are withdrawn from the normal cell 
constituents to the virus. The presence of this substance in 
close proximity to the virus in addition to serving as nutritive 
material may also assist in creating physical conditions favorable 
for multiplication of the virus. As the virus multiplies more of 
this substance is needed and as a result of virus multiplication 
and accumulation of the specific substance or substances the vac¬ 
cine body becomes larger. That the vaccine bodies do become 
larger is well known. If such were the case it should be pos¬ 
sible to provoke the formation of vaccine bodies in tissue culture 
provided, of course, that the specific substance or substances so 
necessary are present in the cell in sufficient quantity and other 
sources of supply such as exist in vivo and may not exist in 
vitro are depended upon for constant replenishing. In case only 
a limited supply of the material essential for multiplication of 
the virus is present in the cell, one would expect the virus to 
multiply to a certain point, then stop. This is apparently just 
what happens in tissue culture, and repeated transfers to fresh 
tissue-culture medium are necessary in order to continue propa¬ 
gation of the virus. Parker and Nye(l7) cultivated the vaccinia 
virus for one hundred thirty-two days in tissue culture, but the 
virus was not demonstrable after one hundred ninety-eight days. 
Gracium and Oppenheimer (18) cultivated the vaccinia '‘granules” 
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in vitro with embryonic tissues for seventy-one days as tested by 
rabbit corneal inoculation. As Parker and Nye have pointed 
out in connection with their culture work with the herpes virus 
the tissue cells themselves may be damaged by the infectious 
agent and as a consequence their growth is checked, which results 
in the eventual death of the virus. 

_ •^•8 the cultivation of the filtrable viruses, such as vaccinia 
virus, develops we believe that more light will be thrown upon 
the origin and nature of the inclusion bodies. It seems highly 
probable that the infectious agents are present in the inclusion 
bodies and that the formation of the inclusion bodies is closely 
related to growth and multiplication of the virus. 

INCLUSION BODIES IN OTHER POX D ISEASES 

The presence of inclusion bodies in sheep pox has already been 
mentioned. Borrel has shown that bodies like Guarnieri bodies 
are present in the infected epidermal cells in this disease. Such 
bodies have also been described by Bose, (19) Pasehen,(20) and 
others. The virus of sheep pox has not been cultivated. Pox 
disease also occurs in swine, goats, horses, and fowls. Gins and 
Rickert(2l) consider all forms of pox as originating from human 
pox since they claim to have changed human, swine, goat, and 
sheep pox into cowpox by passage through rabbits. Inclusion 
bodies have not been reported for pox disease in goats or swine. 
Intracellular inclusions have been described for horsepox and 
fowl pox. The relationship between fowl pox and avian diph¬ 
theria has not been definitely determined. Some investigators 
believe that these diseases are identical but are characterized by 
different manifestations. (See Chapter XI.) In 1873 Bollin¬ 
ger (22) and in 1881 Rivolta(2S) described the flagellate Cer- 
comonas gallinse in avian diphtheria and the cytoplasmic 
inclusions which are present in the epidermal cells of fowl pox. 
These bodies were thought to be Protozoa. In fowl pox gre- 
garines were thought to be the etiological agents. Later, va¬ 
rious bacterial forms were isolated from cases of the disease, but 
the true virus was definitely shown to be filterable by Marx 
and Sticker(24) in 1903. In the same year Michaelis(25) de¬ 
scribed the cytoplasmic inclusions in some detail. The inclusion 
bodies or “chiekenpox bodies” which are found in the epithelial 
cells have been designated Chlamydozoa by Prowazek and 
Strongyloplasma by Lipschutz. Emulsions as well as the fil¬ 
trates from epitheliomas contain small, spherical, nonmotile 
bodies, (0.25 micron in size) which stain by Giemsa’s with Loef- 
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tier’s flagella stain, and with Ziel’s fuchsin. Prowazek believed 
that these small bodies may penetrate the epithelial cells and 
there produce reaction products which result in so-called cel¬ 
lular inclosures, or pox bodies. The theory has also been ad¬ 
vanced that the pox bodies are thrown off by the nucleus of 
the cell and that the disease is due to a toxin thrown off by 
the epithelial cell. Bordet has cultivated small granules which 
measure about 0.2 micron, from diphtheritic material, on blood- 
gycerin-potato agar, but these cultures while they produce diph¬ 
theritic membranes do not produce epithelioma on the skin. The 
cytoplasmic inclusions in fowl pox are said to be partly lipoidal 
in character, but they have been little studied and very little 
is known concerning their true nature or their relation to the 
disease process. 

Inclusion bodies have also been described in a form of pox 
affecting the carp by Loewenthal,(26) but they have been little 
studied and very little is known concerning them. (See Chapter 
XIII.) 

INCLUSION BODIES IN HEKPES INFECTION AND IN ENCEPHALITIS 

Lipschiitz has reported intranuclear inclusions in all forms 
of herpes in man, while Luger and Lauda, (27) Goodpasture, and 
others have described similar bodies in experimental herpes in¬ 
fection in rabbits. Other investigators, Da Fano(28) and Cow- 
dry and Nicholson, (15) have described nuclear and cytoplasmic 
granules in experimental encephalitis in rabbits which are not 
specific for herpes and differ from those described by Lipschiitz. 
Levaditi(29) has also described inclusions in experimental en¬ 
cephalitis in rabbits which he designates “neurocorps encephali- 
tiques” but there is grave doubt that the virus Levaditi experi¬ 
mented with is any other than a herpes virus. 

The inclusions described by Lipschiitz are without doubt spe¬ 
cific since they are also found in the epithelial cells of the 
inoculated rabbit’s cornea. These bodies are found only in the 
actual seat of the lesion, and in herpes simplex and herpes gen¬ 
italis they have been found to appear in serial inoculation. The 
herpetic inclusions are found almost exclusively with the nucleus 
and not in the cytoplasm of the cell. In describing the herpetic 
inclusions in rabbits Goodpasture states: 

It is in ganglion and neuroglia cells of the central nervous system that 
it has been possible to study the inclusions to best advantage. In motor 
ganglion cells they are readily distinguishable from the coagulated nu¬ 
cleoplasm or normal cells by their size and configuration. The material 
of which they are constituted greatly increases in amount and may form 
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a compact crescent or ring about the nucleolus, and eventually it com¬ 
pletely fills the intranuclear space which coincidently enlarges. In gan¬ 
glion cells there is not the same tendency for fluid to accumulate within 
the nucleus as in other types of cells in herpetic lesions, and in conse¬ 
quence the intranuclear body may not be separated from the nuclear mem¬ 
brane by a clear zone. The nucleolus shows evidences of disintegration 
when the inclusions are well developed. It loses its symmetrical contour, 
becomes vacuolated or breaks up into irregular granules. The chromatin 
is collected about the nuclear membrane. The cytoplasm of such a gan¬ 
glion cell shows chromatolysis partial or complete. In other cells of the 
rabbits in tissues acutely infected with the virus of herpes simplex, an 
intranuclear material with staining properties identical with that of 
herpetic inclusions in ganglion cells presents an even more conspicuous 
structure. 


Goodpasture was able to produce herpetic inclusions within 
twenty-four hours following injection of herpes virus directly 
into a corpus luteum of early pregnancy in rabbits. The ovary 
was also found to be very rich in virus. This author states 
that the time element is a most important factor in producing 
herpetic inclusions since the inclusions disappear rapidly in 
lesions caused by the virus and in direct proportion active virus 
diminishes. 

Lipschiitz has reported the following staining properties of 
the herpetic inclusions: 


Stain. Inclusions. 

Giemsa. Red. 

Hsematoxylin-eosin. Dark red. 

Heidenhain’s ir on-haematoxy lin. Yellow gray. 

Pappenheim. Green or blue. 


Nucleoli. 

Dark blue. 
Blue black. 
Black. 

Red. 


Of the origin and nature of herpetic inclusions w“e know lit¬ 
tle. Interest has been sustained in the study of the herpes vi¬ 
ruses particularly because of the opinion in some quarters that 
the herpes virus is the cause of epidemic encephalitis. Da Fa- 
no (29) has described inclusion bodies in both acute encephalitis 
and in chronic epidemic encephalitis. These bodies he designates 
“minute bodies’' which he found only rarely in the nerve cells 
but commonly in the cytoplasm of polymorphocytes and in a 
few instances they were noted in lymphocytes. These bodies, 
however, are not to be confused with herpetic inclusions. 

In Borna disease or meningo-encephalo-myelitis of horses (see 
Chapter IY), Joest and Degen (30) in 1909 described intranuclear 
inclusions in the ganglion cells of the brain. In the ganglion 
cells of the cornu ammonis the oxyphilic corpuscles described 
by these authors are noted in large numbers. These formations 
were found in cells which presented a marked rarification of the 
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karyoplasm but were not found in degenerated cells. These 
bodies were also in evidence in the pyramidal cells of the cere¬ 
brum, medulla, anterior horns of the spinal cord, and in the 
nerve cells of the spinal ganglia. In a recent paper Nicolau and 
Galloway (31) describe similar bodies in the large ganglion cells 
of the cornu ammonis of horses having this disease. 

INTRACELLULAR INCLUSIONS IN VARICELLA AND VIRUS-III 
INFECTION OF RABBITS 

In 1906 Tyzzer(32) described inclusion bodies in the cells of 
varicella lesions in man. Both nuclear and cytoplasmic inclu¬ 
sions were found by this author. The nuclear inclusions stain 
red with eosin-methyline blue and range from 1 to 6 microns 
in diameter. The cytoplasmic inclusions stain deep purple and 
in some instances central granules are present. The lesions 
produced upon the rabbit’s cornea with varicella material do 
not contain inclusions as in the case of vaccinia virus. Berta- 
relli(33) claims to have produced skin lesions in rabbits with 
varicella material and to have demonstrated intracellular inclu¬ 
sions in the epidermal cells. Kesselitz and Mayer (34) have de¬ 
scribed inclusions in the cytoplasm of epithelial cells of varicella 
lesions, while Gins (35) also claims to have produced skin lesions 
in rabbits. Rivers (36) has described intranuclear inclusions in 
the cells of the testis of monkeys in which he had previously 
inoculated varicella material. These inclusions were observed 
in the glandular cells of the testicle removed on the sixth day 
and stained with eosin. In a second monkey showing a similar 
gross reaction to the inoculation the testicles were removed on 
the eighth day but no inclusions were found. 

Virus III was discovered by Rivers and Tillett(37) while at¬ 
tempting to produce chicken pox in rabbits. The agent produces 
gross as well as microscopic lesions in the cornea, skin, and 
testicles of rabbits. Microscopically the lesions on the skin and 
cornea of the inoculated rabbits showed the presence of intra¬ 
nuclear inclusion bodies. Later Andrews and Miller(38) found 
this virus in the testicles of apparently healthy rabbits. 

INCLUSION BODIES IN MOLLUSCUM CONTAGIOSUM. 

Wile and Kingery(39) not only demonstrated that the virus 
of molluscum contagiosum is filterable but also succeeded in 
producing experimentally in human beings typical tumors with 
the sterile filtrate of typical lesions. These authors believe that 
the molluscum body develops late in the stage of evolution of 
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the tumor and further that it represents a degenerative stage 
in this evolution. MacCallum(40) in 1892 suggested that the 
bodies were formed as a result of nucleolar extrusion. This 
phenomenon, however, as pointed out by Findlay and Ludford,(3) 
is usually associated with normal keratinization in most epider¬ 
mal cells. The exact nature of these bodies is unknown. In 
the past they have been mistaken for parasites but this concept 
receives little serious thought to-day. (See Chapter III.) 

INTRACELLULAR INCLUSIONS IN RABIES 

In 1903 Negri (41) first described cytoplasmic inclusions in the 
ganglion cells of the brain in rabies. These bodies, the so-called 
Negri bodies, now considered diagnostic of the disease, were 
first thought to be protozoan parasites. There are few who 
adhere to this belief to-day. Minute basophilic structures are 
found within the Negri bodies which some investigators believe 
represent the true virus of rabies. The filterability of the in¬ 
fectious agent in rabies is beyond question. The virus then must 
be exceedingly small. The virus of rabies is supposed to have 
been cultivated by Noguchi (42) in 1913, but this work has not 
been confirmed and the descriptions given for the minute pleo¬ 
morphic bodies cultivated by this author remind one somewhat 
of yeast cells. The Negri bodies are small, round, oval or three- 
cornered inclusions measuring about 1 to 27 microns in length 
and 1.5 to 5 microns in width. Within the bodies are found very 
small, refractile, and sharply outlined granules. Volpino(43) 
has described these bodies are consisting of a hyaline ground sub¬ 
stance in which sometimes very small, marginal, and at other 
times, larger, central formations seem to be embedded, which 
contain very fine ring-, rod-, or dumb-bell-shaped inclosures. 
Manouelian and Viala(44) believe that the true parasite is a rod¬ 
shaped body which agglutinates and degenerates to form Negri 
bodies. These authors believe the “Encephalitozoon rabiei” is 
closely related to the so-called “Encephalitozoon cuniculi” found 
in spontaneous encephalitis of rabbits. Goodpasture has pro¬ 
posed the name “lyssa bodies” for these inclusions and sug¬ 
gests that they are formed by the neurofibrillar material of the 
cell. Stained by the Giemsa method the Negri bodies are light 
blue in contrast to the darker and more violet cell bodies. By 
the Mann method the nerve cells are stained pale blue, and 
in their cytoplasm the small oval bodies are found stained 
deep pink. The Negri bodies are considered to be specific for 
rabies, though Acton and Harvey(45) believe that they are as- 
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sociated with nucleolar extrusion. Their exact origin and nature 
are still unknown. 

INTRACELLULAR INCLUSIONS IN SCARLET FEVER 

In 1904 Mallory (46) reported certain protozoan-like bodies in 
the epidermal cells of four cases of scarlet fever. Later this 
author withdrew his protozoan theory of the etiology of scarlet 
fever and described a bacillus (see Chapter V) as the cause of 
the disease. Peculiar bodies have also been found by Dohle(47) 
in the polymorphonuclear leucocytes in scarlet fever. These 
bodies closely resemble cocci. Macewen(48) has also described 
these, while Hoefer(49) has reported certain inclusion bodies 
found in cases of the disease. More recently Smirnowa-Zam- 
kowa(50) has described certain oxyphil bodies in the tissues and 
bile of persons dying of scarlet fever. These bodies stain with 
eosin, and cultures which were positive through several trans¬ 
fers when injected into rabbits gave rise to similar bodies in 
several animal passages. These bodies are apparently attached 
to the red blood cell and are highly retractile. This author be¬ 
lieves the bodies he has described to be the actual virus of 
scarlet fever and that they prepare the soil for invasion of the 
streptococcus universally present in the disease. Such interpre¬ 
tations must be viewed with conservatism in view of the con¬ 
vincing evidence which during the past few years has been 
presented for the streptococcus as the cause of this disease. 
As pointed out by Findlay and Ludford similar bodies are found 
in most diseases caused by pyogenic organisms and they are 
probably the products of cytoplasmic degeneration. 


INTRACELLULAR INCLUSIONS IN TRACHOMA 
AND INCLUSION BLENNORRHOEA 

Cytoplasmic inclusions were first described in trachoma by 
Halberstadter and Prowazek(Sl) in 1907. These bodies appear 
as reddish violet, round or ovoid granules when stained by the 
method of Giemsa. According to Noguchi and Cohen (52) a clear 
halo surrounding the bodies is sometimes noted. As the number 
of bodies increase they become surrounded by a blue-staining 
substance, plastin. Scrapings from the conjunctiva injected into 
the eye of the orang-utan produced conjunctivitis associated 
"with the appearance of similar inclusion bodies. Later Halber¬ 
stadter and Prowazek found similar inclusions in cases of un¬ 
complicated blennorrhoea neonatorum and their specificity Was 
questioned. Solovief(53) has also described small round blue- 
sthlhjng bodies in the epithelial colls, of the conjunctiva which 
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are not specific for trachoma. Herzog(54) has suggested the 
theory that the gonococcus is transformed into small forms with¬ 
in the epithelial cells and that the so-called trachoma bodies are 
in reality changed gonococci. Williams (55) has regarded the in¬ 
clusion bodies in trachoma as degenerated forms of the Koch- 
Weeks bacillus. 

In 1913 Noguchi (56) claimed to have cultivated the trachoma 
bodies, although he was unable to induce trachoma in monkeys 
with his cultures. Recently this author has cultivated a Gram¬ 
negative bacillus from trachoma cases and has produced a tra¬ 
chomalike condition in monkeys with this culture. 

A disturbing factor in connection with the so-called trachoma 
bodies is the discovery of similar bodies in nongonorrhoeal con¬ 
junctivitis of the newborn. Linder (57) inoculated two baboons 
with pure inclusion blennorrhcea material and obtained a clinical 
and histological picture which he states cannot be distinguished 
from trachoma. Wolfrum(58) has inoculated similar material 
into human beings with the same result. Findlay and Ludford 
present three possibilities in regard to nongonorrhceal conjunc¬ 
tivitis of the newborn; namely, it is a disease due to a virus al- 
lie'd to that of trachoma, the virus is the same in both diseases, 
or trachoma bodies are due to the virus of nongonorrhoal con¬ 
junctivitis of the newborn. A fourth possibility occurs to the 
writer; namely, that the inclusions may be the result of some 
secondary infection. 

According to Solovief the trachoma bodies are the result of 
nuclear degeneration. It would perhaps be more conservative to 
state that their origin and nature are unknown. 

INTRACELLULAR INCLUSIONS IN VERRUCA 

Intranuclear inclusions were described in warts by Lips- 
chiitz(59) in 1924. Similar inclusions have been found in in¬ 
fective warts of dogs by Ullmann. (60) That warts are caused by 
a filterable virus has been demonstrated by Wile and Kingery. (61) 
The inclusions in warts have been little studied and little is 
known concerning them. They are basophilic and according to 
some authors are said to represent a stage in the degeneration of 
the nucleoli. 

INTRA CELL ULAR INCLUSIONS IN DISEASES OF UNKNOWN ORIGIN 

'Intracellular inclusions have been described in a variety of 
diseases of obscure origin. Jesionek and Kiolemenoglou (62) in 
1904 reported protozoan-like structures in the organs of an 
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eighth-month syphilitic stillborn foetus. Groups of from ten to 
forty of these bodies were found in the connective tissue of the 
cortex of the kidney. They were also present in the liver and 
lungs. Ribbert(63) has reported a similar case in which 
similar bodies were present in the kidneys and parotid gland. 
Loewenstein(64) found inclusion bodies in the parotid glands of 
four children. These inclusions were thought by Ludwig to re¬ 
present protozoans, either coccidia or other Sporozoa. Pissano 
(65) also found inclusion bodies in the nuclei of the cells of the 
kidney, liver, and lungs of a stillborn syphilitic foetus, while 
Mouchet(66) described similar bodies in the bile-ducts of an 
eighth-day syphilitic infant having icterus. Smith and Weid- 
man(67) 'described intranuclear bodies, which they regarded as 
amoebae, in the liver and kidney of a newborn infant. Later 
these authors reported a similar case of intranuclear bodies in 
a child 2 months old, dying of pneumonia and having a negative 
Wassermann. 

In 1921 Goodpasture and Talbot (4) reported the presence of 
acidophilic intranuclear bodies in the lungs, bronchi, and glo¬ 
meruli of the kidneys of a child 6 weeks old. This child had 
had green stools from birth, glucose in the urine, oedema of the 
feet, and a cough. These authors suggest that the inclusion- 
containing cells originate from the mononuclear cells situated 
just outside the endothelium of the small veins and capillaries. 
De Lange (68) has reported a similar case, while Muller (69) has 
described three cases in which inclusions were found. 

Von Glahn and Pappenh,eimer(70) in 1925 described intra¬ 
nuclear inclusions in the cells of the intestine, liver, and lung of 
a man, 86 years old, dying with abscess of the liver, ulcerative 
colitis, pleurisy, and lobar pneumonia. It was not possible for 
these authors to demonstrate granules within these inclusions. 
In general their staining reactions were similar to those obtained 
with herpetic inclusions. Von Glahn and Pappenheimer state in 
regard to these inclusions: 

Since there is no possibility of carrying on an experimental study with 
the material from this case, an interpretation of the nature and signif¬ 
icance of the inclusions must for the present rest upon the basis of similar 
observations recorded by others. There can be no doubt that the inclusions 
are identical in their morphology and staining reactions with the bodies 
seen by previous observers in the viscera of infants, and by Lipschiitz and 
others in the tissues of spontaneous and experimental herpes, and in the 
various neural and visceral lesions produced by the herpetic and related 
viruses. 
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These authors suggest that the bodies described by them, in¬ 
cluding those occurring in herpes and related conditions, repre¬ 
sent merely a peculiar form of nuclear degeneration, not produced 
by a specific virus or the bodies indicate the localization of the 
herpes virus or a similar virus within the nucleus of certain 
visceral cells, 

INTERCELLULAR INCLUSIONS IN FOOT-AND-MOUTH DISEASE AND IN 

SWINE FEVER 

Gins(35) has described intranuclear bodies in foot-and-mouth 
disease in the lesions on the tongue of the guinea pig. These 
inclusions are about 1.5 microns in size arid stain deep red with 
Giemsa’s. In 1908 Terni(7l) observed a protozoan-like body 
( Cytorhyctes ), which measured about 0.5 micron, in the vesicular 
lymph and in the internal organs of over four hundred cattle 
affected with foot-and-mouth disease. More recently (1926) 
Ruhle(72) reports inclusion bodies similar to those described by 
Gins in the epithelium of the tongue of the healthy guinea pig 
and cow. According to Gins the inclusion bodies described by 
him are found early in the course of the disease, usually two or 
three days after infection. The significance of these inclusions 
remains undertermined, but their occurence in normal epithe¬ 
lium would indicate that they are not specific. 

All attempts to demonstrate the virus of hog cholera or swine 
fever under the highest magnification or to cultivate it in arti¬ 
ficial media have failed. Uhlenhuth and Boing(73) have de¬ 
scribed certain cellular inclusions in smears prepared from the 
conjunctiva. These inclusions represent very fine granules sim¬ 
ilar to the so-called trachoma bodies in man to which reference 
has already been made. Such inclusions have been considered 
by Halberstadter and Prowazek as parasites. Their exact na¬ 
ture is unknown. 

CELLULAR INCLUSIONS IN FOWL PLAGUE AND MACFIE’S 
DISEASE OF FOWLS 

Rosenthal, (74) Kleine,(75) and Schiffmann(76) have‘described 
small ring-shaped bodies inside and outside the brain cells in 
fowl plague. These inclusions are said to be not unlike the 
Negri bodies. They may also be round or oval, and their true 
nature has not been determined. Prowazek (77) 'did not confirm 
these findings but described in the brain tissue small dumb-bell¬ 
shaped forms which measure about 1 to 1.5 microns. These 
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forms frequently He close to the red blood cells and are also 
demonstrable in filtrates of material known to contain the virus. 
Prowazek believed that these bodies were Chlamydozoa. 

Macfie(78) and Adler (TO) have described a disease of fowls 
in Nigeria and Palestine the symptoms of which are similar to 
those of fowl spirochetosis. Within the leucocytes they found 
granular bodies which resemble the nuclear material of malaria 
parasites when stained with Giemsa’s. These granules were 
not present in mast cells or in eosinophiles. The authors regard 
these inclusions as Chlamydozoa. No bacteria or protozoans 
were found to explain the cause of the disease although the blood 
was infective for healthy fowls. 

INTRACELLULAR INCLUSIONS IN AFRICAN HORSE SICKNESS 

African horse sickness is believed to be an insect-borne filter¬ 
able virus disease. Kuhn (80) has described the presence of 
cellular inclusions in the renal epithelium, but little is known 
concerning them. 

INTRACELLULAR INCLUSIONS IN THE SALIVARY GLAND AND 
BLOOD CELLS OF GUINEA PIGS 

In 1920 Jackson (81) first described the presence in the sal¬ 
ivary glands of guinea pigs of an intracellular body which she 
regarded as a protozoan parasite. According to Jackson the 
protozoan most often appears in the cells 1 of the ducts of the 
salivary gland as an encysted, round or oval structure. Small 
round bodies were described by this author in the peripheral 
zone of the parasite which she thought represented merozoites. 
Goodpasture and Talbot(4) found similar bodies in the salivary 
glands of guinea pigs which they regard as identical with in¬ 
clusion bodies previously described in infants. More recently 
Cole and Kuttner(82) studied the salivary glands of seventy-five 
guinea pigs and found that 84 per cent contained these bodies. 
These authors identified these cells as swollen epithelial cells, 
the nuclei of which contain a mass of granular material that 
is definitely acidophilic. By transmission experiments they 
were able to conclude that they were dealing with a virus dis¬ 
ease. The cytoplasm of the cell stains light blue, the nuclear 
membrane stains deeply with bask dye, and near the center of 
the nucleus is a mass stained red. This mass may occupy one- 
fourth of the nuclear space or fill it entirely except for a narrow 
halo between it and the membrane. This clear area may con¬ 
tain irregular masses which stain deeply with the basic dye, 
(See Chapter VIII.) 
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In certain of the large mononuclear cells in the blood of guinea 
pigs acidophilic inclusions have been found in the cytoplasm. 
These are known as “Kurloff bodies” and are regarded by some 
authors as Chlamydozoa. Similar inclusions have also been 
noted in sheep, rats, and certain fowls. 

INTRACELLULAR INCLUSIONS IN CERTAIN DISEASES OP PISHES 
LYMPHOCYSTIC DISEASE OP PISHES AND EPITHELIOMA OF BARBUS 

In the lymphocystic cell the nucleolus is quite distinct, and in 
old cells it is acidophilic while the cell membrane is basophilic 
according to Weissenberg. (83) Within the plasma are seen 
vacuoles, particularly around the nucleus. Between the vacuoles 
and around their outer surface is seen a pronounced granulation. 
Besides granules one also notes very fine strands. Both gran¬ 
ules and strands are apparently lipoid in nature. Weissenberg 
first thought that the granules represented the virus causing the 
disease but later withdrew; this opinion. In these cells is found 
a network body which Weissenberg believes is a specific reaction 
product comparable to the cellular inclusions of the Chlamydozoa 
diseases. (See Chapter XIII.) 

Keysselitz (84) has studied the histology of the epithelioma, 
as it occurs in Barbus, in sections stained with Ehrlich’s hse- 
matoxylin and Breinl’s stain for trypanosomes, and has dem¬ 
onstrated minute bodies which he believes are Chlamydozoa. 
He states that these nuclear bodies are comparable to the cellular 
inclusions of vaccinia, variola, epithelioma of fowls, molluseum 
contagiosum, trachoma, and rabies. 

INTRACELLULAR INCLUSIONS IN DISEASES OF INSECTS 

In sections through sacbrood-diseased larvse of bees White (85) 
has found that the bulk of the body is composed of fat tissue. 
The fat cells are irregular in outline and possess an irregular¬ 
shaped nucleus. Black-staining spherical bodies are to be found 
within the cells. This gives the larvae a granular appearance. 
The nature of the 'dark-staining bodies in these cells is not 
definitely known. Possibly they may be related to inclusion 
bodies found in several of the filterable virus diseases. 

Among the so-called polyhedral diseases of insects are the 
wilt diseases of the gypsy-moth caterpillar and the European 
nun-moth caterpillar. Some investigators believe that these two 
diseases are identical. Polyhedral bodies are found in both. 
The average size of these bodies is from 1 to 6 microns. They 
are shaped like a polyhedron with rounded angles and are 
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never spherical. They are highly refractive and possess a center 
denser than the periphery according to Glaser. («0) In. fresh 
preparations very minute dancing granules are to he seen which 
may come from the polyhedral bodies. Glaser suggests that 
these dancing granules may be particles of degenerated chro¬ 
matic or achromatic substance, but he is inclined to the view 
that they represent extremely minute microorganisms and that 
they may represent the vegetative stage of the polyhedral bodies 
or the polyhedral bodies may be a secretion of a "minute orga¬ 
nism contained within. He says, “as long as there is no evi¬ 
dence, however, that the polyhedral bodies are directly related 
to the filterable vims or to the little granules, the view that 
they are reaction products appeals more strongly.’ 7 

Polyhedral bodies are also found in jaundice of the silkworm. 
These were first thought to be parasites by early investigators. 
A complete description of these bodies will be found in Chapter 
XII. Their exact nature is unknown. 

According to Paillot (87) there is a nuclear disease of the 
caterpillar of Pieris brassiest (large white cabbage butterfly) 
associated with the presence of refringent rings in the cyto¬ 
plasm of the blood and fat cells. It is thought that the re¬ 
fringent rings are derived from the mitochondria. 

INTRACELLULAR INCLUSIONS IN MOSAIC DISEASES OF PLANTS 

Various intracellular bodies have been described in mosaic dis¬ 
eases of plants and in normal plants. Matz(88) has described 
such bodies in mosaic-diseased sugar cane. Kunkel(H9) found 
them in corn; Palm,(00) Goldstein,(01) and Rawlins and John¬ 
son (92) in tobacco infected with mosaic; McKinley, Webb, and 
Eokerson(03) in wheat rosette, and Smith(94) in potato mosaic. 
Nelson (95) on the other hand has described biflagellates and 
trypanosomes in the tissues of plants, while Duggar and Kar- 
rer(96) found similar structures in both healthy and diseased 
plants. The significance of cellular inclusions in plants is not 
known. It seems likely, however, that some of the inclusions 
that have been described may bear the same relation, what¬ 
ever this is, to the mosaic-disease process that other intracel¬ 
lular bodies are thought to bear to filterable virus diseases as 
they occur in other forms of life. (See Chapter XIV.) 
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ILLUSTRATIONS 
Plate 53 

Fig. 1. Epithelial cells from rabbit’s cornea, showing Guarnieri bodies 
after inoculation of cornea with vaccine bodies. (After Weis- 
senberg.) 

2. Pigeon pox. Inclusion bodies^ “chicken pox bodies/’ in epithelial 

cells. (After Lipschutz; from Ilutyra and Marek.) 

3. Pox bodies and Guarnieri bodies; a, Paschen’s pox bodies in 

epithelial cells from sections of a pox pustule; b y young Guar¬ 
nieri bodies with central chromatin and peripheral plastin, in 
the cell plasma, at the side of the nucleus, an initial body; c, 
Guarnieri bodies witli little chromatin and much plastin, pox 
bodies in the plasma of the cell; d, developed typical Guarnieri 
body, and initial body in the plastin; b and d are epithelial 
cells from an inoculated cornea of a rabbit. (After llallenber- 
ger; from Hutyra and Marek.) 

Plate 54 

Fig. 1. Intracellular bodies of mosaic-free plants; slime bodies in the 
sieve tubes of Rob ini a pseudoacacia. (After Strasburger.) 

2. Bodies found in the sieve tubes of mosaic-free navy-bean plants. 

3. Bodies found in the phloem tissue of mosaic-free tomato plants. 

(After Doolittle and McKinney.) 

Plate 55 

Vaccinia bodies. (After Findlay and Ludford.) 

Plate 5G 

Vaccinia bodies in corneal cells. (After Findlay and Ludford.) 

Plate 57 

Vaccinia bodies (Cowdry). (After Findlay and Ludford.) 

Plate 58 

Guarnieri bodies (Sehutz). (After Findlay and Ludford.) 

Plate 59 

Inclusion bodies in various diseases. (After Findlay and Ludford.) 

Plate 60 

Inclusion bodies in various diseases. (After Findlay and Ludford,) 

Plate 61 

Negri bodies. (After Findlay and Ludford.) 

Plate 62 

Stages in tbe development of Negri bodies, “lyssa” bodies, and inclusion 
bodies in distemper. (After Findlay and Ludford.) 

Plate 63 

Inclusion bodies in distemper and varicella. (After Findlay and Ludford.) 
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Plate 64 

Herpetic inclusions. (After Findlay and Ludford.) 

Plate 65 

Herpetic inclusions and inclusion bodies in Borna disease. (After Findlay 
and Ludford.) 

Plate 66 

Herpetic inclusions, “protozoan-like” parasites in spontaneous encepha¬ 
litis of rabbits, bodies in acute encephalitis and chronic epidemic 
encephalitis. (After Findlay and Landford.) 

Plate 67 

Nuclear inclusions in pells of rabbit inoculated with vims III; inclusion 
bodies in paravaccinia. (After Findlay and Ludford.) 

Plate 68 

Various inclusion bodies. (After Findlay and Ludford.) 

Plate 69 

Inclusion bodies in various diseases. (After Findlay and Ludford.) 

Plate 70 

Inclusion bodies in diseases of insects and fowls. (After Findlay and 
Ludford.) 

TEXT FIGURES 

Fig. 1. Fever curve in dog distemper. Catarrh of the air passages, later 
gastroenteritis, toward the termination catarrhal pneumonia. 
(After Hutyra, and Marek.) 

2. Female phlebotomus, vector in pappataci fever; a, antenna; 6, 

palps; c, proboeis; d , prothorax; c, mesothorax; /, halteres. 
(After Alcock; from Manson.) 

3. Fever curve in a typical case of foot-and-mouth disease. (From 

Hutyra and Marek.) 

4. Artificial hog-cholera infection with filtered material from a hog 

affected with cholera. The first rise in temperature is caused 
by the primary infection, the second by the secondary infection. 
(After Hutyra and Marek.) 

5. Case of trench fever. (After the Trench Fever Report of Com¬ 

mission Medical Research Committee, American Red Cross.) 

6. Case of trench fever. (After the Trench Fever Report of Com¬ 

mission Medical Research Committee, American Red Cross.) 

7. The minimal lethal exposures (abscissa) for bacteriophage in di¬ 

lutions 1 : 10 to 1 :19,000,000 in three broths, A, B, and C, 
plotted according to the logarithms of the dilutions (ordinate). 
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Fig. 1. Epithelial cells from rabbit’s cornea showing Guarnseri bodies. 2. Pigeon-pox in¬ 
clusion bodies. 3. Pox bodies and Guarnieri bodies. 


PLATE 53. 
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PLATE 54. INTRACELLULAR BODIES OF MOSAIC-FREE PLANTS. 
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PLATE 55. VACCINIA BCDIES. 
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PLATE 57. VACCINIA BODIES (COWDRY). 
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PLATE 58. GUARNIEKI BODIES (SCHOTZ). 






PLATE 59, INCLUSION BODIES IN VARIOUS DISEASES, 







PLATE 60. INCLUSION BODIES IN VARIOUS DISEASES. 
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PLATE 61. NEGRI BODIES. 
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PLATE 62. STAGES IN THE DEVELOPMENT OF NEGRI BODIES, “LYSSA” BODIES, AND INCLUSION BODIES IN DISTEMPER. 






PLATE 63. INCLUSION BODIES IN DISTEMPER AND VARICELLA. 
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PLATE 64. HERPETIC INCLUSIONS, 
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PLATE 65 . HERPETIC INCLUSIONS AND INCLUSION BODIES IN BORNA DISEASE. 
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PLATE 66. HERPETIC INCLUSIONS, "PROTOZOAN-LIKE” PARASITES IN SPONTANEOUS 
ENCEPHALITIS OF RABBITS, BODIES IN ACUTE ENCEPHALITIS AND CHRONIC EPI¬ 
DEMIC ENCEPHALITIS. 
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PLATE 67, NUCLEAR INCLUSIONS IN CELLS OF RABBIT INOCULATED WITH VIRUS III; INCLUSION BODIES IN PARAVACCINIA. 
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PLATE 68. VARIOUS INCLUSION BODIES. 
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PLATE 69, INCLUSION BODIES IN VARIOUS DISEASES. 
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PLATE 70. INCLUSION BODIES IN DISEASES OF INSECTS AND FOWLS. 
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Acerina cernua, 338. 

Acne varioliformis, 91. 

Aedes cgypti (Linn.), 174, 175, 178, 180-183, 
185, 264. 

African horse sickness, 25, 34. 

Agalactia contagiosa, 27; of sheep and goats, 
34. 

Alastrim, 20. 

Amblyomma hebraeum, 265, 283, 284. 

Anemia of rats, 28. 

Aphis maidis, 361. 
sacchari, 361. 

Aspergillus pollini, 319. 

Asterococcus mycoides, 169. 

Attacus, 327. 

Autherea, 327. 

B 

Bacillus Friedlander, 32. 
abortus Bang, 388. 
aertryck, 235. 
anthracis, 33, 372. 
cholera suis, 210. 

coli Lisbonne, 32, 210, 370, 372, 375, 377, 
378, 381, 385. 

coli Lisbonne & Carrere 376. 

coryza segmentosus, 245. 

diphtherise, 32, 249, 372. 

diphtherias columbarum, 296. 

dysenteric Flexner, 32, 370, 381, 385. 

dysenteric Hiss, 32. 

dysenteric Shiga, 32, 370, 376-378. 

dysenteric Shiga, His, & Flexner, 372. 

enteriditis, 32, 372. 

fiacherrie, 32. 

fusiformis, 383. 

gallinarum, 32, 372. 

paratyphosus A, 32, 

paratyphosus B, 32. 

pestis Burnet, 14, 32, 372, 383. 

pneumosintes Olitsky & Gates, 387. 

prodlgiosus, 220, 241, 364. 

proteus, 32, 271, 372, 881. 

pullorum, 33. 

pyocyaneus, 33, 300, 372, 

radiclcola, 375. 

rhinitis, 246, 249. 

sanguinarium, 293. 

scarlatinc, 156. ; 

septus, 245. ' 

subtilis, 32, 372. 

suipestifer, 32, 206, 210, 235, 236, 301, 
372. ■ 


Bacillus Friedlander—Continued, 
swine fever, 32. 

tuberculosis Calmette & Yaltis, 14, 381. 
typhi-murium, 32, 372. 
typhosus, 32, 370, 372, 381, 385. 
Bacterium lepogenum, 92. 

pneumosintes, 12, 252, 258, 259. 

Barbus, 392. 

fluviatialis Cuv., 332. 

Bartonella, 1 65, 187. 

bacilliformis, 161-164, 166, 167. 
muris, 165-167. 

Bass, 338. 

Bedbug, 264. 

Bekziekte, 190. 

Bird mite, 265. 

Black fever, 280. 

Blaschenflechte, 110. 

Blaw tong, 190. 

Blennorrhoea, inclusion, 21. 

Blue disease, 280. 

tongue, 34. 

Bombyx, 327. 

Bont tick, 265. 

Bom a disease, 25. 

Bulbar paralysis, infectious, 24. 

c 

Cabbage, mosaic disease of, 31. 

Canine madness, 96. 

Capsicum, 349. 

Carp pox, 30. 

Cat flea, 265. 

Catarrhal fever of sheep, 25. 

Cattle plague, 34. 

Cercomonas gallinc, 296, 395. 

Cercopithicus (Sabra ?), 270. 

Chicken paralysis, 29. 
pox, 295. 

Chlamydozoa, 41, 161. 

bombycis, 327, 328. 

Clavelee, 51. 

Cholera suum, 205. 

Cimex (Acanthia) leetolarius, 264, 

Cimurro, 146. 

Cocotte, 198. 

Golds, common, 21. 

Cowpox, 23. 

Ctenocephalus felis, 265. 

Ctenopsylla musculi, 265. 

Cucumbers, mosaic disease of, 31. 

Cudrania triloba, 328* 

Culex fatlgans, 183, 184. 
pipiens, 264. 
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Cytorhyctes, 200, 403. 

Cytorhyetescoecus, 200. 

Cytorrhyctes vaccine Guarnieri, 41. 

D 

Datura stramonium, 349, 
tatula, 349. 

Dengue fever, 21, 34. 

Dermacentor andersoni, 14, 162, 163, 268, 
280-282, 387. 
marginatus, 280. 
maturatus, 281, 282. 
modestus, 280. 
venustus, 265, 281. 

Dermaeentroxenus riekettsi Ricketts, 264, 265, 
281. 

Dermanyssus sp.?, 265. 

Diplococcus coryzce, 245. 

Distemper, 25. 

Dog ill, 146. 

Dust louse, 264. 

E 

Eneephalitozoon euniculi, 129. 

Enterococcus, 32, 372, 

Ephemeral fever, 27. 

Epidemic encephalitis, 21. 
influenza, 252. 
parotitis, 23. 
poliomyelitis, 21. 

Epithelioma contagiosum, 295. 

of Barbus, 30. 

Epizootic of guinea pigs, 28. 

Equine infectious ancemia, 27. 
influenza, 27. 

European nun moth, wilt disease of, 30. 

F 

Feb re aftosa, 198. 

Fever blisters, 110, 

Fiebre amarilla, 174. 

Fievre aphtheuse, 198. 
typhoide, 225. 

Filterable virus and rickettsia diseases, 1. 
Flounder, 338. 

Foot-and-mouth disease, 23, 26, 34. 

Fowl diphtheria, 34. 
pest, 29, 34. 

pox and avian diphtheria, 28. 

G 

Geel dikkop, 190. 

Geflugelpest, 302. 

Geisbrasse, 338, 

Gelbsueht, 326. 

Goat pox, 24. 

Grahamella, 161. 

Grasserie, 326. 

Gregarina tsutsugamushi, 287. 

Grip, 252. 

Grippe, 225. 

epizootic, 34. 

I > '( #4- 

l ' wBt disease bgf 30, 


H 

Hmmogregarina gracilis, 274. 

Harvest mite, 265. 

Heartwater, 25. 

Herpes, 110. 
simplex, 21. 
zoster, 20. 

Hog cholera, 26, 34. 

Horsepox, 24. 

Human louse, 264. 

Kymantria monacha, 329. 

Hyoscyamus niger, 349. 

I 

Influenza, 21. 

claimed by Yamanouchi, Olitsky, and 
others, 34. 
erysipelatosa, 225. 

J 

Jaundice of silkworms, 30. 

K 

Kuhpocken, 48. 

Kyanalophiaea, 302. 

L 

La grippe, 252. 

rage, 96. 

Lactarium, 351. 

Lepiota americana, 352. 

Leptospira, 162. 

icterohaemorrhagiir, 175-177, 382. 
icteroides, 12, 175-177, 180, 181, 184, 
388. 

Leptus (Trombidium) akamushi, 265. 
Lettuce, mosaic disease of, 31. 

Leukemia of chickens, 29. 

Leuma, 225. 

Lung plague, 167. 

Lungenseuche der Rinder, 167. 

Lycopersicon, 849. 

Lymphocystic disease, 31. 

M 

Maeacus, 83. 

rhesus, 134, 178, 242, 269, 270. 
Macropod crab, 338. 

Macropodovia viridiauratus, 338. 

Macropus, 342. 

Maladie des chiens, 146. 

du jeune age, 146. 

Malarial catarrhal fever, 190. 

Maul und Klauenseuche, 198. 

McKinley, earl Baldwin, Filterable 

virus and rickettsia diseases, 1. 
Measles filtrability claimed by Goldberg and 
Anderson, 34. 

Melphagus ovinus, 264 
Micrococcus catarrhalis, 245, 246. 
lardarius, 327. 
paratetragenus, 245. 
pyogenes albus, 246. 
salivarious, 93. 

Microsporidium polyedricum, 327, 328. 
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Midas geoffroyi, 176. 
oedipus, 175. 

Moccio canino, 146, 

Molluseum eontagiosum, 20, 34. 
epitheliale, 91, 
sebaceum, 91. 

Mozeisrlione, 61. 

Mosaic disease, 31. 

Mosquit, 264. 

Mosquito, 264. 

Mouse flea, 265. 

Mumps, claimed by Wollstein, 34, 

Mustard, mosaic disease of, 31. 

Myxomatosis of rabbits, 27. 

N 

Nairobi disease of sheep, 25. 

Neurocytes hydropbobise Williams & Low- 
den, 104. 

Nicotiana, 349, 350. 
alara, 350. 
forgetiana, 350. 
glauca, 350. 
langsdorfii, 350. 
longifiora, 350. 
paniculata, 350. 
plumbaginifolia, 350. 
rustiea, 348, 350. 
silvestris, 350. 
tabacum, 346, 34S, 349. 
viscosum, 350. 

Noguchi’s virus disease, 28. 

Novy’s rat disease, 28, 34. 

Nuclear disease of caterpillar of white but¬ 
terfly, 30. 

o 

Orientalisehe Rinderpest, 212. 

Oroya fever, 23. 

Osteochondro sarcoma No. VII (Rous), 29. 

Ouil bek, 190. 

F 

Paardonziekte, 192. 

Panicum, 361. 

Papio, 83. 

Pappataci, 34. 
fever, 22. 

Paravaccinia, 20. 

Pasteurella bovls, 32, 372. 

Pasteurellose du cheval, 225. 

Pasteurellosis canum, - 146. 

Pediculus humanus, 264. 

humanas var. capitis, 271. 
humanas var. corporis, 271, 272. 

Peripneumonie contagieuse, 167. 

Peritonitis epizootics, 302. 

Perreziekte, , 192. 

■ Peste ' aviaire,/ "302. 
bovilla, 212. 
bovine, 212. 
du cheval, 192. 
du pore, 205. 

;'4\< poreina, 205. 1 ■ 

;''PjsStls , 1 gaUinarum, 302. 


Petunia, 364. 
i violaeea, 349. 

Pferdepocken, 55. 

■ Pferdesstaupe, 225. 

Philippine fowl disease, 29. 

! Phlebotomus fever, 105. 

| pappatassii, 195. 

| Physalis, 349, 354. 

heterophylla, 354. 

> subglabrata, 354. 
s virginiana. 354. 

; Picotte, 51. 

i Pieris brassiere, 392, 406. 
j Pink eye, 225. 
i Piroplasma, 280. 
i Piroplasmosis hominis, 250. 

| Pittosporum, 363. 

Plassomyxa contagiosa Clark, 93. 
Pleuropneumonia of cattle. 34. 

Pleuronectes flesus, 338. 
platessa, 338. 

Pleuropneumonia in cattle, 27. 
Pleuropolmonite essudativa, 167. 
Pneumococcus, 245. 

Poekenkrankheit, 38. 

Poliomyelitis, 34, 

Polmonera, 167. 

Potato plants, mosaic disease of, 31. 

Psocus sp.?, 264. 

Psyehrophilie bacteria, 33. 

Pustular stomatitis, infectious, 26. 

E 

Rabbia, 96. 

Rabies, 21, 24, 34. 
i Rheumatism, 23. 

j Rhipicephalus appendiculatus, 187, 188. 

| Rickettsia, 262. 

cfcenocephali Sikora, 265, 
lectularius Bacot, 264. 
melophagi Noller, 264. 
nipponica Sellards, 264, 265, 285. 
pediculi da Rocha Lima, 263, 268, 269 
275, 276. 

pediculi Monk & da Rocha Lima, 264. 
prowazeki Hegler & Prowazek, 268, 264. 
267-270, 275. 

quiniana Munk & da Rocha Lima, 264, 
269. 

(rocha-lima?) Weigh 264. 
ruminantlum Cowdry* 263-265, 2S5. 
•wolhynica Toepfer, 264, '269. 
Rinderpest, 20, 

Rocky mountain spotted' fever, 22. 

Rous’s chicken sarcoma, 34. 

Rubella, 20. 

Rubeolla, 20. 

s 

Sacbrood disease of .baas, 30. 

Salmonella suipestifer, 206, 

' Sand-iy fever, 195. 

Sargus annularis, 338, 341. ■ 

■ Scabrot, 51, 
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Scarlet fever, 22; filtrability of, claimed by 
1 Cantacuzene and Bernhardt but doubt* 
ful, 84. 

Sehafpocken, 51. 

Seh i zosaccharomyces fill ran a, 888. 

Scholle, 838. 

Schweinopost, 205. 

Sheep louse or tick, 264, 
pox, 24, 34. 

Solanum carolinense, 349, 354. 

nigrum, 349. 

Solea vulgaris, 338. 

Sore heels, 55. 

Spinach, mosaic disease of, 31. 
Spindle-celled sarcoma No. I (Eons), 29. 

sarcoma No. XVIII (Eons), 29. 
Spirochseta oqui-infeetiosa, 229, 

Spirochete hyos, 209, 

Spiroptera neoplastiea, 811, 

Staphylococcus, 32. 
fecftlis, 83* 
gratia, 372. 
lactieus, 33. 

Staupe der Hunde, 146. 

Stegomyia, 183. 

fasolata, 138# 

Stiff sickness, 224. 1 
Streptococcus, 32, 372, 387. 
scarlatina®, 154, 156. 

Strongyioplasxna hominis Lipsehiifcz, 94. 
iwanowsldi, 364. 
variola-vaccime Lipschtitz, 41. 
Sildafrikanische Pferdesterbe, 192. 

Sugar cane, mosaic disease of, 31. 

Swamp fever of horses, 34. 

Swine pox, 24. 

■ T 

Taraxacum officinale, 328, 

' Theileria parva, 162, '288. 

1 tsutsugamushi Hayashi, 2S8. 

' Thermophilic ■ 'bacillus, 33. 

Three-day sickness, 195, 224, 

Tittigonia. 361. , 

Tobacco plants, mosaic, disease of, 81, 
Tallwut; 96. ' 1 ■ ■ 

Tomato plants, mosaic disease of, 31. 


Trachoma, 21. 

filtrability, 34. 

Trench fever, 22. 

'Trypanosoma brucei, 888. 

Tsutimcianuish fever, 22, 

Turnip, mosaic disease of, 31. 

Typhus bovum eoiilngiosus, 212 . 
contagieux, 212, 
exudutivus galHuurum, 802. 
fever, 22. 
icteroides, 174. 

Typhoid fever, 205, 225. 

V 

Vaccinia, 20, 48. 

Vajula vaccino, 48. 

Vajuola pecorino, 51. 

Vajuolo. 38. 

equino, 55. 

Varicella, 20. 

Variola, 20. 

and vaccinia, 84. 

Variola, 38. 

equine, 55. 

Variolefcte, 61. 

Varioloid, 20. 

Verruca, 20. 

vulgaris, filtrability?, 34. 

Verrue, 89, 

Verruga peruviana, 23. 

Vesicular stomatitis in cattle, 27. 

Vibrio cholera, 32, 372. 
suis, 209. 

Virus III infection, 28. 

w 

Warze, 89, 

Wasserpocken, 61, 

Wilt disease of gypsy moth and European 
nun moth, 80. 

Wood tick, 265. 

Wutkwvnkheit, 96. 

Y 

Yellow fever, 21. 

- Z 

Zora, 64, 

Zoster, 64. 




